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Preface 

This  is  Report  No.  9  in  a  series  of  publications  that  describes  tlio 
chemical  engineering  activities  of  the  Tennessee  Valley  Authority, 
and  it  presents  the  results  of  some  of  the  corrosion  tests  that  were 
made  as  necessary  parts  of  the  various  experimental  programs  that 
have  been  undertaken.  Tlie  Division  of  Chemical  Engineering  of 
the  TVA  has  been  concerned  with  the  development,  through  the 
laboratory,  pilot  plant,  ami  plant  pimses,  of  processes  for  the  produc¬ 
tion  of  fertilizers  and  for  the  utilization  of  natural  resources  of  the 
Tennessee  Valle>.  In  each  of  these  steps  in  development,  problems 
for  which  no  solution  coiihl  be  found  in  the  literature  have  been  en¬ 
countered  in  the  selection  of  materials  of  construction  to  withstand 
the  corrosive  aetion  of  the  materials  being  processed.  Corrosion 
testing  has  b(>en  used  as  a  means  in  the  solving  of  these  problems. 
Although  some  of  the  results  that  have  been  obtained  have  been  pub¬ 
lished  in  technical  journals,  the  present  report  serves  to  bring  together 
in  one  compilation  those  of  the  corrosion  test  results  that  might  be  of 
interest  to  others  outside  TVA.  Other  reports  in  this  series  covering 
the  ilevelopment  of  processes  present  information  on  the  mal(U‘inls 
of  construction  used  in  the  plants  and  <lescribe  operatitig  experience 
with  these  materials. 

The  compih'r  of  this  report  has  been  responsible  for  cariying  out 
oidy  a  few  of  the  tests  for  which  results  are  reportetl,  and  it  wouUl  bi‘ 
virtually  impossible  to  give  a  complete  list  of  those  who  contributed 
to  the  accumulation  of  test  data.  A.  W.  Beinlich  and  Cr.  L.  Crow 
carried  out  a  large  part  of  the  work  aiul  contributed  to  tlie  report  in 
an  outstanding  manner  by  assembling  data  and  by  preparing  parts  of 
the  manuscript.  The  following  members  and  former  members  of  the 
TV'A  staff  also  contributed  significantly  to  the  work;  .7.  C.  Barber, 
H.  A.  Bennett,  W.  J.  Darby,  A.  B.  Harrison,  A.  Hendrix,  H.  S. 
Jerabek,  J.  .S.  Lewis,  R.  R.  Ludlum,  D.  J.  Mack.  Mary  H.  Malone, 
J.  A.  McCollum,  L.  I.  Mitchell.  G.  R.  Pole,  G.  C.  Robinson,  D.  E. 
Rosson,  E.  P.  Tait,  and  M.  L.  Taylor.  Julius  Silverberg  and  H.  J. 
Kerr  were  of  considerable  assistance  through  suggestions  regarding 
content  and  arrangement  of  tables  and  in  the  pn^paration  of  the 
manuscript. 
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CORROSION  TESTS  OF  METALS  AND 
CERAMICS 

Introduction 

Altliotigh  the  literature  oil  eorrosioii  is  voliiniiiioiis,  it  is  ii)a(lef|iiate 
in  that  by  its  use  tlie  resistance  of  a  partieiilar  material  of  eonstruetion 
to  a  corrosive  medium  under  the  coixlitions  to  be  encoimti'rod  in  a 
proposed  process  seldom  can  be  predicted  with  satisfying  certainty. 
This  is  true  because  of  the  large  number  of  variables  that  affect 
corrosion  rates.  'I'o  iiu'estigate  the  effects  of  all  variables  for  a  given 
material  and  corrosive  is  a  tremendous  task,  and  years  of  wrrk  remain 
before  the  field  of  the  corrosion  of  materials  will  have  been  charted 
satisfactorily. 

Because  of  these  facts,  the  tests  for  which  results  an*  presented  here 
were  usually  made  to  answer  specific  questions  regarding  the  resistance 
of  materials  under  conditions  actually  encountered.  Therefore,  the 
data  obtained  are  discontinuous  with  respect  to  the  effect  of  such 
variables  as  the  concentration  of  the  corrosive  and  temperature  and 
the  degree  of  aeration.  They  arc  presente<l  as  tliey  were  obtained, 
and  in  only  a  few  cases  has  an  effort  been  made  to  present  correlations 
of  the  degree  of  attack  with  the  variations  in  test  conditions.  A  list 
of  the  TVA  articles  on  corrosion  is  given  in  Iiule.v  A. 

Since  the  results  presented  are  considered  to  be  sclf-exjilanatory,  no 
recommendations  are  made.  It  was  not  practical  to  test  all  the 
materials  that  might  be  suitable  for  a  given  application.  Cost  and 
immediate  availability,  as  well  as  technical  iudgment,  were  the  factors 
that  limited  the  munber  of  materials  tested.  Thendorc,  it  is  possible 
that  some  materials  not  included  in  the  te.sts  would  have  given  results 
as  goed  or  better  than  those  obtained  with  tin*  materials  tested,  and 
it  should  not  be  inferred  that  the  materials  that  proved  to  be  satisfac¬ 
tory  in  the  tests  are  the  only  ones  that  are  suitable  for  use  under  the 
test  conditions.  It  also  is  possible  that  certain  niatcrials  were  incliuled 
in  the  tests  at  conditions  under  which  their  manufacturers  would  not 
recommend  them  for  use.  Failure  of  these  materials  to  show  satis¬ 
factory  resistance  to  corrosion  in  these  cases  does  not  detract  from 
their  value  for  use  under  other  conditions. 

Many  tests  have  been  made  on  metals,  ceramic  materials,  and 
protective  coatings ;  however,  it  has  been  extremely  difficult  to  evaluate 
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the  results  of  the  tests  of  thi'  eoatiU};s,  uiul  tins  report  is  restrieti'rl  to 
tests  of  the  other  two  types  of  materials.  The  rtsults  of  tests  of  imuals 
and  of  ceramic  materials  are  presented  separately. 

Tests  of  Metals 

Metals  were  tested  against  compounds  of  phosphorus,  nitrogen, 
sulfur,  aluminum,  ami  magnesium  hoth  in  platit  ami  pilot-plant  equip¬ 
ment  and  in  laboratory  equiptnent  set  up  espts-ially  for  that  purpose. 
The  compositions  of  the  metals  used  are  shown  in  Indt'x  B.  Only 
a  few  of  tlie  results  of  the  tests  made  in  plant  or  pilot-plant  e(|uipment 
are  presetted  in  the  report  because  in  such  tests  the  precise  control  of 
conditions  is  difficult.  In  general,  the  ttstting  proeedures  agree  with 
those  outlined  by  A.  S.  T.  .M.  Designation  A-224-46.  Itt  all  cases, 
duplicate  specimens  were  used,  and  some  of  the  results  presented  are 
the  average  data  obtained  on  as  many  as  10  specimens.  Tbi'  (huails 
of  the  three  methods  used  in  most  of  the  laboratory  tests  and  of  the 
methods  for  handling  specimens  in  the  plant  and  pilot-plant  ti^sts  are 
outlined  below. 

Methods  of  Testing 

Thermal  block  laboratory  texfu. — 'I'ests  of  disk-typt*  specimens  were 
rtm  in  thermal  block  corrosion-testing  apparatus,  one  of  whicli  is 
shown  in  section  in  figure  1 .  A  photograph  of  several  ol  these  ajtpara- 
tus  is  shown  in  figure  2.  Specimens  1  to  2%  inches  in  tliameter  and 
from  ^2  to  ^6  inrh  thick,  eacli  having  a  hole  inch  in  diameter  at  its 
center,  were  used  in  most  of  these  tests.  Where  the  determination  of 
the  effect  of  cold-bending  the  metal  on  its  resistance  to  corrosion  was 
desired,  bent  disk-type  specimens  were  used.  Welded  specimens  were 
prepared  by  cutting  the  disks  in  half,  beveling  the  cut  edges,  and 
Welding  the  halves  together. 

I’he  specimens  were  hung  on  glass  lift  rods  that  are  parts  of  the 
thermal  block  corrosion-testing  apparatus.  Each  of  the  thermal 
blocks  contained  eight  pyre.x  glass  tubes  2'A  inches  in  diameter  and 
20  inches  long.  Thest>  tubes  extended  into  the  blocks  to  a  depth  of 
12  inches;  for  the  tests  the  tubes  were  filled  with  the  corrosive  to 
the  level  of  the  top  of  the  blocks  (750  milliliter).  The  lift  rods,  whicli 
carried  the  specimens,  were  centered  in  the  tubes  and  extended 
nearly  to  the  tube  bottoms.  These  rods  were  connected  to  cams 
that  turned  19  revolutions  per  minute.  The  action  of  the  cams 
lifted  and  lowered  the  rods  through  a  distance  of  1  inch.  Thus,  the 
average  linear  velocity  of  the  specimens  through  the  corrosive  solu¬ 
tion  was  3.16  feet  per  minute.  Cold  water  flowed  through  a  coil  in 
the  top  of  each  tube  to  prevent  excessive  loss  of  corrosive  or  of  water 
through  evaporation.  When  aeration  of  the  specimen  was  desired, 
hollow  lift  rods  were  used,  and  air  was  passed  through  these  rods  at 
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tJu'  (U'siml  nitt'  and  (“incrjicd  in  the  cniTosivo  l>cl<»\v  llic  spi'ciiueiis. 
A  flow  of  0.02  cvibic  fi'ct  per  iniiuito  of  air  was  cliosou  arbitrarily  as 
standard  arration  in  thcso  tid>(>s,  aiul  in  tbr  tables  of  data  tbal 
follow,  where  the  notation  “with  aeration’’  appears,  that  rate  of  How 
was  used.  In  some  tests  different  rates  of  air  flow  were  used.  Each 
block  was  heated  bj’  means  of  five  1,000-watt  t'alrod  units,  'file 
temperature  of  each  block  was  controlled  witli  a  bimetal  ret;ulator 
inserted  in  a  hole  in  the  block  at  its  center;  this  regulator  controlled 
the  flow  of  current  to  the  Calrod  units.  'I'hc  fcmperattirc  in  the 
tubes  was  controlled  to  within  3°  F.  of  the  desired  value.  This 
apparatus  has  been  used  in  most  of  the  laboratory  tests. 


Figure  1.— -Section  through  thermal  block  corrosion-testing  apparatus. 
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rhi'  corrosives  wc-rc  placed  in  the  tithes  and  liroufrht  to  the  dt'sired 
test  temperature  before  weighed  test  specimens  were  introduced. 
During  the  period  of  e.xposure  of  the  specimens,  the  concentration  of 
the  corrosives  was  di'termined  perioilieally  to  make  certain  that  no 
significant  change  took  place.  At  the  end  of  the  exposure  period, 
the  specimens  were  removed  and  scriihhed  with  a  .soft  wire  hriKsh  to 
remove  corrosion  products;  then  they  were  drietl  and  weighed  to 
tletermine  weight  loss. 

Tests  in  ceramic-lined  tank. — A  number  of  tests  of  metals  and 
ceramic  materials  were  made  in  strong  phosphoric  acid  containing  8.5 
percent  PoOj  (equivalent  to  117  percent  HaPO^)  at  480°  to  490°  F. 
in  a  brick-lined  steel  tank.  The  tank,  37  by  37  by  22  inches  dei'p, 
was  lined  on  the  sides  with  8  inches  of  re<l  shale  brick  and  on  the 
bottom  with  4,!(  inches  of  that  brick.  Silica  base,  sodium  fluosilicate- 
sodium  silicate  cement  was  used  as  a  mortar  in  constructing  thi' 
lining.  The  tank  cover  was  made  of  Transite  slabs  1  inch  thick  and 
was  topped  with  heavy  asbestos  paper,  which  provided  additional 
insulation.  The  acid  in  the  tank  was  heated  with  four  or  five  1,000- 
watt  Chromel-wound  electric  heaters  encased  in  yircon-porceiain 
tubes,  which  were  in  a  vertical  position  in  the  tank  and  extended 
upward  through  holes  in  the  Transite  cover.  A  Fenwal  thermal 
regulator,  immersed  in  transformer  oil  in  a  pyrex  glass  tulx',  was 
used  for  maintaining  a  constant  acid-bath  temperature.  A  photo¬ 
graph  of  the  tank  with  a  part  of  the  cover  removed  is  shown  in 
figure  3.  (Some  of  the  heaters  are  not  shown.) 

Metal  specimens  were  suspended  in  the  acid  by  means  of  silver 
wires  or  were  attached  to  lift  rods  on  a  cam-type  mechanism  so  that 
they  could  be  moved  in  the  acid  (av'erage  linear  speed  of  0.2  to  0.4 
foot /minute)  or  alternately  immersed  and  remov'od  from  the  acid. 
Figure  3  shows  a  “spool”  assembly  of  metal  specimens  suspeniled 
with  silver  win'  but  held  above  the  acid  level  for  photographing. 
Figure  4  shows  how  the  spools  were  assembled.  The  cam  mechanism 
for  tests  in  which  metal  specimens  were  in  motion  is  not  shown  in 
figure  3.  The  figure  shows  ceramic  specimens  in  position  for  testing; 
ceramics  usually  were  tested  together  with  metals,  and  since  they 
were  rotated  in  the  corvosivc  (usually  at  a  speed  of  14  revolutions 
per  minute),  their  motion  aided  in  agitating  the  corrosive. 

In  tests  in  which  the  acid  in  the  bath  was  agitated  only  by  the 
motion  of  the  ceramic  and  metal  specimens,  the  bath  litiuitl  velocity 
was  not  measured;  in  the  table  in  which  the  results  of  these  tests  are 
presented,  the  notation  “bath  agitated  slightly”  appears.  In  tests 
in  which  the  acid  was  agitated  botli  by  the  motion  of  the  specimens 
and  by  Lightnin  mixers  (only  one  of  the  two  normally  used  is  shown 
in  fig.  3),  the  liquid  velocity  at  the  point  where  the  metal  specimens 
were  immersed  was  measured  with  a  Pitot  tube.  The  maximum 
bath  velocity  at  these  points  was  0.4  foot  per  second.  The  acid 
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Figure  4.— Spool  assembly  of  metal  specimens  for  corrosicm  tests. 


biUli  t(*tu[K>nitiir<'  was  tnaasiinal  witli  a  (licnnoini'tor  (‘iicascil  in  a 
/.irc()n-])orc('lain  tlicrmocouple-protwtioa 

'I'lit'  nu'tal  spcciiiU'ns  wore  wcifjhod  Ix'fon'  and  after  lliu  test'. 
'I’lic  (n-occdtire  used  for  cleaning  the  specimens  was  the  same  as  iliai 
used  in  tile  thermal  lilock  tests. 

h.vt.v.--  For  th('  tests  in  which  it  was  necessary  to  use  higher 
tliaii  atmospheric  pri'ssure.  stainless  steel  homhs  of  the  type  shown  in 
section  in  figure  5  were  used.  The  ntetal  spei-imens,  which  were  of  the 
disk  type,  were  mounted  as  is  shown  in  the  figure.  The  homhs  were 
provided  with  stainless  steel  adjustable  pressure-relief  valves  to 
permit  escape  of  gases  formed  during  the  test.  Wlien  agitation  of  tlie 
corrosive  was  desired,  the  homhs  were  sulnnerged  in  a  constant- 
temperature  water  hath  and  oscillated  with  a  cam  mechanism.  I'he 
cam  turned  19  revolutions  per  minute  and  lifted  and  lowered  one  end 
of  the  bomb  through  a  distance  of  2  inches.  At  the  middle  of  the 
stroke  the  axis  of  the  bomb  was  horizontal.  The  water  in  the  hath  was 
heated  with  electric  immersion  heatci-s,  and  the  temperature  was 
controlled  with  a  mercury  thermoregulator. 

In  some  tests  these  homhs  were  maintained  stationary  in  a  constant- 
temperature  electric  oven.  The  oven  temperature  was  maintained 
at  the  desired  value  with  a  bimetallic  thermal  regulator  that  controlled 
the  flow  of  current  to  its  heating  elements.  The  lines  from  the  bombs 
to  the  relief  valve  were  extended  so  that  the  valves  were  outside  the 
oven. 

The  method  of  handling  the  specimens  was  the  same  as  that  de¬ 
scribed  previously. 
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Figure  5. — Bomb  corrosion-testing  apparatus. 


Plant  and  pilot-plant  tests. — T<«ts  were  made  in  the  plant  and  pilot 
plants  in  sumps,  tanks,  pipelines,  launders,  and  reaction  vessels  of 
several  types.  Disk  specimens  were  mounted  on  spools  similar  to  the 
ones  shown  in  figure  4.  In  most  eases  glass  or  Saran  spacers  were 
used  in  place  of  the  Teflon  ones  shown  in  the  figure,  and  the  I’ods  and 
end  plates  of  the  spools  were  usually  made  of  A.  I.  S.  I.  Type  316 
stainless  steel. 

The  method  of  handling  the  specimens  was  the  same  as  that  de¬ 
scribed  previously. 
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Method  of  Evaluation 

In  general,  weight  loss  expressed  as  rate  of  corrosion  in  terms  of  mils 
of  penetration  per  year  was  used  as  the  basis  for  evaluating  the  resist¬ 
ance  of  a  material  to  the  corrosive.  However,  when  the  corrosion 
rate  obtained  in  this  manner  was  in  the  acceptable  range  but  severe 
pitting  of  the  test  specimen  had  occurred,  it  was  considered  that 
corrosion  was  excessive,  and  this  observation,  instead  of  numerical 
data,  is  reported. 

For  use  by  TVA,  60  mils’  penetration  per  year  normally  is  considered 
the  maximum  acceptable  rate.  However,  there  are  certain  applica¬ 
tions,  for  example,  where  thin  materials  must  be  used,  in  which  the 
60-mil  criterion  is  not  necessarily  applicable. 

The  duration  of  most  of  the  tests  was  15  days  or  longer.  It  has 
been  observed  in  a  number  of  tests  in  phosphoric  acid  that  corrosion 
rates  are  high  at  the  beginning  of  the  exposure  period  but  decrease  to  a 
reasonably  constant  value  after  6  days.  Where  data  for  tests  of 
shorter  than  6  days’  duration  are  presented  and  the  experimental  rates 
are  less  than  the  normally  accepted  60  mils  per  year,  the  rates  are 
shown  in  tables  to  be  presented  later  as  less  than  thi'  expc'rimental 
value  «e.xperimental  value).  In  those  cases  where  the  weight  loss 
in  less  than  a  6-day  test  period  was  so  great  that  the  corrosion  rate 
calculated  using  this  weight  loss  and  a  time  of  6  days  exceeded  60 
mils  per  year,  the  corrosion  rate  has  been  shown  only  as  “excessive.” 
It  was  reasoned  that,  even  if  these  tests  had  been  extended  to  6-day 
periods  and  no  more  metal  had  been  corroded  from  the  specimens,  the 
rate  still  would  have  been  excessive.  Present  TVA  practice  is  to 
subject  materials  to  a  30-day  test.  However,  it  is  belleveil  that,  on 
the  basis  of  recent  data,  the  6-day  test  results  are  significant  and  give 
an  accurate  indication  of  the  serviceability  of  the  materials  tested. 

Results  of  Tests 

The  results  of  tests  in  each  type  of  corrosive  are  presented  under  a 
separate  heading. 

Tests  in  phosphoric  acid. — Both  electric-furnace  phosphoric  acid 
from  the  TVA  acid  plants  and  C.  P.  phosphoric  acid  were  used  in  these 
tests.  A  typical  analysis  of  plant  acid  (85  percent  H3PO4)  is  as  follows : 


Constituent 

Peroent 

Constituent 

Percent 

Constituent 

j  Percent 

p,0« . 

62.9 

.28 

.20 

.08 

.04 

Pb . 

0.015 

.024 

.01 

.003 

.002 

Si . 

0.01 

.003 

.00.3 

.002 

K  . 

F . 

C . 

Ca . 

Fe . 

SO* . 

Nfi . 

Co  . 

A1 . 

Mn . 

The  results  of  laboratory  tests  made  in  the  thermal  block  apparatus 
and  in  the  bomb  testing  apparatus  using  plant  acid  are  shown  in 
table  I,  and  the  results  of  those  made  using  C.  P.  acid  are  shown  in 
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table  II.  The  tests  in  C.  P.  acid  were  made  in  the  thermal  block 
apparatus.  Table  III  shows  the  effect  of  varying  the  rate  of  aeration 
of  both  plant  and  C.  P.  85  percent  acid  on  the  rate  of  corrosion  of 
A.  I.  S.  I.  Type  316  stainless  steel  and  of  red  brass  as  determined  in 
the  thermal  block  apparatus.  In  these  tests  several  acid  tempera¬ 
tures  were  used.  The  results  of  laboratory  tests  made  in  very  strong 
phosphoric  acid  (117  percent  HjPOi)  at  an  elevated  temperature  (480° 
to  490°  F.)  are  shown  in  table  IV.  The  tests  were  conducted  in  the 
ceramic-lined  tank  testing  apparatus,  and  the  acid  was  prepared  by 
concentrating  plant  acid  (approximately  85  percent  H3PO4)  to  100 
percent  H3PO1  by  evaporation  and  fortifying  this  acid  with  sohd 
phosphorus  pento.xide.  The  results  of  the  tests  in  phosphoric  acid 
that  were  made  in  plant  and  pilot-plant  equipment  are  shown  in 
table  V.  In  these  tests,  acid  concentration  and  temperature  varied, 
and  the  extent  of  aeration  and,  in  most  cases,  the  velocity  of  agitation 
were  not  known. 


Table  I. — Laboratory  corrosion  tests  in  TV  A  plant  phosphoric  acid  '  * 


Material  tested  * 


Corrosive  and  conditions 


Admiralty 


metal . 

Type  304  stainless 


steel. 

Do 


Do.. 
Do.. 
Do.. 
Do.. 
Do.. 
Do  . 
Do.. 
A.  V  S. 
steel 
Do., 
Do  . 
A.  I.  S. 
steel. 
Do.. 


1.  Type  309  stainless 


1.  Type  316  stainless 


90  percent  BtPOiat  360®  F  . . 

1  percent  H1PO4+5  percent  suigar  at  363®  F.  and 
160  p.  8.  i^^bomb  twt. 

80  percent  HsPOi  at  150®  F.;  metal  cold  bent  90® 
and  heated  to  850®  F.  and  air-cooled. 

80  percent  HsPOt  at  240®  F  . 

BoUins  80  pocent  HtP04  at  2M®  F . . 

85  percent  HiPO<  at  300®  F . 

85  percent  H1PO4  at  230®  F . 

85  percent  H1PO4  at  255®  F . 

90  percent  H1PO4  at  280®  F . . 

92 percent  H2p04at  358®  F  ....  . 

80  percent  H1PO4  at  240®  F . . 

85  percent  HjPOi  at  300®  F  . . . 

90  percent  IIjPOi  at  280®  F.. . 

1  percent  HjP04  at  300®  F . 

1  percent  H)P04  at  363®  F.  and  160  p.  s.  i.,  bomb 


Do. 

Do. 

Do- 

Do. 

Do 

Do. 

Do 

Do. 

Do. 

Do. 

Do. 

Do 

Do. 

Do. 

Do 

Do. 

Do. 


1  percent  H«P04+5  percent  sugar  at  363®  F.  and 
160  p.  s.  i.,  bomb  test. 

3  percent  HiPO*  at  300®  F . 

5  percent  B1PO4  at  300®  F . 

10  percent  H1PO4  at  200®  F . . 

30  percent  HiPOi  at  300®  F . 

40  percent  HjP04  at  300®  F . . 

60  percent  BjP04  at  300®  F . 

Boiling  70  percent  H1PO4  at  360®  F . 

80  percent  B1PO4  at  150®  F.;  metal  cold  bent  90® 
and  heated  to  850®  F.  and  air-cooled. 

80  percent  H1PO4  at  180®  F  . 

80  percent  B1PO4  at  180®  F.;  metal  cold  bent  90®, 
no  subsequent  heat  treatment. 

80  percent  H3PO4  at  180®  F.;  metal  cold  bent  90®, 
heated  15  minutes  at  850®  F.  and  air-cooled. 

80  percent  B1PO4  at  300®  P . 

80  percent  H1PO4  at  300®  F.;  metal  cold  bent  90®, 
heated  15  minutes  at  850®  F.  and  air-cooled. 

80  percent  B1PO4  at  300®  F.;  metal  cold  bent  90®, 
no  subsequent  heat  treatm^t. 

80  percent  B1PO4  at  340®  F . . 

Boiling  80  percent  B«P04  at  394®  F . . . 


Corrosion  rate  ex¬ 
pressed  in  mils 
penetration  per 
year 


With 

aeration 


Without 

aeration 


Exc. 


Exc. 


Exc. 

15 

Exc. 

<1.6 

0 


Exc. 


Exc. 

Exc. 


1 

.1 

1 

.  1 

j  .1 

.5 

.1 

.1 

.2 

2 

.4 

2 

5 

1 

Exc. 

.1 

2.5 

2 

2.4  ' 

i 

3.2 

2.2  1 

4.7 

<1.5 

Exc. 

See  footnotes  at  end  of  table. 
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Table  l.~Laboralory  corrosion  tests  in  TV  A  plant  phosphoric  acid  ‘ » — Coiitinuod 


Material  tested  > 


Corrosive  and  conditions 


Corrosion  rate  ex* 
pressed  in  mils 
penetration  per 
year 


With  Without 
aeration  ;  aeration 


A.  I.  S.  1.  Type  316  stainless 
steel. 

Do . 

Do . 

Do . 

Do . 

Do  . . 

Do . 

Do . 

Do . 

Do . 

Do . 


A.  I.  S.  I.  Type  316  stainless 
steel+Cb. 

Do . 

A.  I.  S.  I.  Type  329  stainless 
steel. 

Do . 

Do . 


A.  I.  8.  I.  Type  347  stainless 
steel. 

Do . . 

Do . 

A.  I.  S.  1.  Type  410  stainless 
steel. 

Do . 

Do . 

Do . 

Do . 

Do . 

Do . 

A.  I.  S.  I.  Type  430  stainless 
steel. 

Do . 

Do . 

Do . 

Do . 

Do . 

Do . . 

Do . 

Do . 

Do . 

Do . 

Do . 

A.  1.  8.  I.  Type  446  stainless 
steel. 

Do . .1 . 

Do . 

A.  I.  S.  1.  Type  501  stainless 
steel. 

Do . 

A.  I.  S.  1.  Type  S02  stainless 
steel. 

Aluminum . 

Brass,  high . 

Do . 

Do . 

Do . 

Do . 

Brass,  red . 

Do . 

Do . 


85  percent  HsPOi  at  200®  F  . - . -1 

85  percent  HsPO*  at  220®  F- . i 

85  percent  HiPO«  at  235®  F . 

85  percent  HiPO^  at  256®  F . 

85  percent  BtPOi  at  280®  F . 

85  percent  HjPO*  at  300®  F .  . . 

90  percent  HtPOtat  2W)®  F . 

Boiling  90  p^cent  HaP04  at  34^  F . l. 

92  percent  HjPOi  at  358®  F . 

93  percent  HiPOtat  280®  F . 

93  percent  H1PO4  at  260®  F.;  me^  heated  for  )0 

minutes  in  the  range  1.600®>2,200®  F.  and  water* 
quenched;  specimen  pilled  in  HF  and  BNOj 
and  passivated  in  concentrated  HNO). 

100  percent  BJPO4 « at  130®  F . 

117  percent  B»P04  •  (85  percent  P>0»)  at  140°  F . . . 
117  p^cent  BjPO* » (85 percent  PiO»)  at  356®  F. . .  . 
90  percent  BjPO*  at  7m^ F . 

93  percent  BjPOi  at  360®  F . 

80  percent  H1PO4  at  150®  F.;  metal  cold  bent  90°,  . 
heated  to  850®  F.  and  air-cooled. 

80  percent  HiPO«  at  200®  F . 

80  percent  B}P04  at  390®  F.;  metal  heated  16  hours 
at  760®-790®  F.  and  air-cookd. 

80  percent  BjP04  at  240®  F . [ 

Boiling  SO  percent  H1PO4  at  2M®  F _  , . 

Boiling  90  percent  BjP04  at  342®  F . 1 . 

92  percent  HjP04  at  358®  F . . i 

93  percent  H3PO4  at  360®  F . 

85  percent  BjPO*  at  300®  F . 

90  percent  HjP04  at  280®  F . 

93  percent  BiPOi  at  280®  F . 

1  percent  HsPOi  at  200®  F . 

3  percent  H1PO4  at  300°  F . 

5  percent  HaPOi  at  200®  F . 

10  percent  HJPO4  at  300°  F . 

30  percent  Hir04  at  200®  F . 

40  percent  BjPOi  at  300®  F . 

60  percent  BjP04  at  200°  F . 1 

1  percent  HjP04  at  20O®  F . I 


5  1 

13 

120  1 
120 

24 

1  23 

9a 

240 

300 

Exc. 

Exc. 

260  ' 

60  i 

■  2  1 

<•*  1 

.3 

17 

1  1.8 

1 

5  ' 

3  percent  HjP04  at  290°  F . . 

5  percent  HjPOi  at  200°  F. . . 

10  percent  BJPO4  at  200°  F . 

20  perwnt  HiPO*  at  300°  F . . 

40  percent  H1PO4  at  200°  F . 

60  percent  HjPOf  at  300°  F . 

Boiling  70  percent  B3PO4  at  2W°  F.. 

80  percent  H3P04  at  300°  F . 

85  percent  HjPOi  at  220  °F . 

85  percent  B1PO4  at  235°  F . 

85  percent  B}P04  at  265°  F . 

80  percent  HsPOi  at  240°  F . 


85  percent  B4FO4  at  200°  F.. 
90  percent  H»P04  at  280°  F,. 
10  percent  B|P04  at  200°  F.. 


20  percent  B1PO4  at  200°  F  . 

100  percent  BjP04«8t  130°  F . 

80  percent  B3PO4  at  room  temperature . 

70  percent  H»P04  at  I30°  F . 

78  percent  H1PO4  at  200°  F . 

85  percent  H3PO4  at  2W°  F . - 

86  percent  B3P04  at  255°  F . . 

90  percent  BSPO4  at  280°  F . 

1  percent  B1PO4  at  200°  F . 

1  peroent  HfPO«at  363®  F.  and  160 p.  s.  i.  bomb  test. , 
1  percent  B1PO4-I-6  peroent  sugar  at  363°  F.  and  1 

160  p.  8.  i.  b(»nb  test.  I 

3  percent  H4PO4  at  300°  F . 

5  peroent  HsPOi  at  200*  F . I 


See  footnotes  at  end  of  taUa. 
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Table  I. — Laboratory  corrosion  testa  in  71^4  plant  phosphoric  acid  *2 — (‘ontiiiued 


Material  tested  > 


Bra'^s,  red . 

1)0 . 

1)0..... . . 

1)0 . 

Do. . 

Vo . 

Do . .  . 

1)0 . . . 

Do  . 

Do . 

Do . 

Do . . . 

Do  .  . 

Bronze.  Phosphor  T.. 
Bronze.  Phosphor  D.. 

Do . 

Chlorimet  7 . 

Circle  L-:i4  (east) _ 

Do  . . 

Do . . 

IXJ . 

I  )o  .  . . . 

CupiM'r.  dtK)\idizod . . , 


C'orrosive  and  eondlliojjs 


Corrosion  e.i- 
presseil  in  mils 
pi’netration  ()er 
year 


10  (M>roent  HsP04  at  200*  F.. 
20  j>crwnt  H»POi  at  200*  K 
40pt‘rcent  Il}PO«at200*  F.. 
60  |H‘rceiU  HsPO*  at  200*  F. 

I  85  percent  HjPO«  at  220*  F.. 
!  85  pt‘rcent  HjPO«  at  2:15*  F.. 
K.5  |»i‘r«‘nt  HiPOi  at  255*  F.. 


Do . 

Do . 

Do . 

Do . 

Duriniet . 

Do  _ 

Duriniet  20. .. . 

Do . 

Do . 

Duriron  (cast). 

Do . 

Do . 

Do . .  . 

Do . 

Do . 

Evcrdur  lOKi.. 


Do . 

Do . 

Do . 

Do  . 

Do . 

Do . 

Do . 

Evcrdur  1015 . 

Do . 

0-60  LaBour  (cast). 

Do  . . . 

Hastelloy  A . . 

Do . . 

Do . 

Do . 

Hastelloy  B . . 

Do . 

Do . 

Do . . 

Do . . 

lUlum  Q  (cast) ..... 

Do . 

I.<ead,  chemical ..... 

Do . 

Do . 

Do . 

Do . 

Do . 

Do . 

Do . 

Do . 


yu  iH‘rtt*nt  HjPOi  at  2fitt*  F . 

Roilinir  90  percent  II1PO4  at  342*  K . . 

92  percent  HjPO»  at  358*  F . 

100  percent  HjPOi  *  at  !:iw®  F . 

90  percent  H3PO«  at  2fi»*  F  . 

90  percent  HjP04  at  260®  F  . . 

93  percent  H3PO4  at  358*  K . .  . .  ' 

80  |»era*nt  HSPO4  at  280*  F . ! . 

80  f)ercent  H1PO4  at  18t)*  F  . . 

80  percent  H3PO4  at  200*  F  . . i 

90  per«‘nt  H3PO4  at  290*  F . . 

92  perrt'nt  HsPOi  at  35H*  F . . ; 

98  jierrent  H3PO4  at  260*  F . i 

I  percent  niP04  at  363*  F.  and  160  p  s.  i..  bomb 

I 

1  iH‘rceiU  H3PO4+5  percent  suear  at  363®  F.  and 
160  p.  s.  i.,  bomb  test.  j 

fiSiH'roent  n3P04at22ft*  F . .  . 

85  iH'rrent  H3PO4  at  235*  F .  . I 

85  iiercent  HsP04  at  280*  F  . . 

90  iH'rmil  H.'P04  at  260*  F  .  .  i 

117  ix'rcent  HsPOi  •  (85  percent  PjOs)  at  140*  F  .  . 
117  Iiercent  H3PO4  *  (85  percent  PjOj)  at  356*  F —  j 

w»  piTcent  H3PO4  at  255*  F . 

85  |H‘rCT'nt  HjPO*  at  25.5*  F.  . .  . 

85  iKToent  H3P04  at  290*  F  . 

soperrt-ni  H3PO1  :;t  280*  F  .  ! 

H5  Iiercent  flsl^04  at  200*  F . , 

8.5  iiercf'Ot  H1PO4  at  220*  F .  . 

Mm-rceni  H3p04at2:V5*  F . ' 

90  perwnt  H3PO4  at  26tP  F . 

90  percent  H3PO4  at  280*  F . 

1  iierci'Ol  HjPOi  at  363*  F.  and  160  p.  s.  L.  bomb  ; 

test.  i 

I  percent  H3PO4+.5  percent  suftar  at  363*  F.  and  1 
160  p.  ».  i.,  bomb  tt*st.  j 

70  percent  H3pO«at  130*  F .  I 

78  perwnt  H3PO4  at  200*  F  .  | 

85  percent  H3PO4  at  220*  F  . .  J 

85  perCT'nt  HiPOj  at  255*  F . 

85  Iiercent  H3p04at  290*  F.  . I 

90  percent  H3PO4  at  WO®  F . 1 

92  Iiercent  H1PO4  at  358*  F . I 

90  percent  H1PO4  at  2o0“  F . I 

92  percent  HsP04  at  358*  F  . . .  .  1 

U7  percent  HsP04  *  (85  percent  PjOj)  at  140*  F.... 
117  percent  H1PO4 '  (85 percent  PjOj)  at  356®  F... . ' 

80  percent  HrPO*  at  280*  F  . ( 

90  percent  HsPOi  at  290®  F . . . 

92  percent  HsP04  at  358*  F . ■ 

W  percent  HjP04  at  260*  F  . . 

80  percent  H3PO4  at  255*  F.  . . . 

90  iiercent  H3PO4  at  290*  F . 

93  percent  H3P04  at  2fi0®  F . 

100  percent  H1PO4*  at  130*  F . 

117  percent  HjP04 » (95  percent  P3O#)  at  140*  F _ 

117  percent  HiP04  *  (85  percent  P)0»)  at  140*  P _ 

117  percent  H1PO4  *(85 percent  PiO»)  at  366*  P.... 

56  percent  H4PO4  at  130*  F . 

56  percent  BsPOi  at  160*  F . 

56  percent  HiP04at  200*  F . 

60  percent  H1PO4  at  200*  F . 

Boilins  70  po^nt  HsP04  at  280*  F . . . 

70  percent  HiPOi+S  peroent  H18O4  at  130*  F . 

70  percent  HiPO«+8  perowit  R>B04  at  160*  F . i 

70  percent  H3PO4+8  percent  HtSOi  at  200*  F . 1 

78  percent  H1PO4  at  130*  F . I 


'  IVith 

1  aeration 

:  B'itbout 
aeration 

!  A4t} 

J42 

1  1.4UU 

59 

>■  1.6:10 

50 

9:9) 

25 

630 

21 

;  1.900 

9S 

'  iTOO 

445 

!  5.500 

St 

Exc. 

E\c. 

Hee  footnotes  at  end  of  table. 


12 


Tablic  I. — Lnhoralory  corrottion  tests  in  T\’A  plnnt  phosphoric  acid  *  C  uiilinutHl 


I 


Material  testeil » 


Currosive  aiiU  couditioiis 


('orrrjsioii  rate  e\- 
preaseti  in  mils 
(tenetratioii  (ht 
year 


With  Without 
aeration  liiTutioii 


Leadt  chemical . 

I>o  . 

Uo  . 

n« . . . .  .. 

1>0 . 

Do . - . . 

Do . 

I>*a«l,  tellurium . . 

Ihi  . 

Low -chrome  iron  . 

Mantranese  18-8  stainless  steel  . 

Mild  steel  . 

Do  . 

1)0  . 

1)0  . - . . 

Monel  . 

Do . 

I 

D<j  . ( 

1)0 . - . I 

Do  . ; 

Do..  . - . 

Do . I 

Monel  K . I 

Do  . 1 

Muntz  metal  feast) . i 

Do . I 

K-tM  LaBour  (oast) . . 

Do  . 

Worthite  . ! 

Do . I 

Do . i 

! 


78  percent  HjPOi  at  trtO*  K  . . I 

78  i»ert«nt  ID  ViU  at  F  . - . 

8f)  perceiU  llaPO*  at  aoi)“  K  . - . i 

Roiling  841  itereettt  lljPO«  at  21H®  F  . .  . . | . 

85  iwrwnt  HsIH)*  at  255*  F  . . 

85  p<*rc**nt  lljPO*  ai  a«)*  F  . . 

Roiling  W)  iKTc«*nt  HiPOi  at  5M2*  F  . . 

70|>erc«‘nt  iDPOtat  i:Wf*  F . . . |. 

7H  percent  II3PO4  at  aw*  F  . . 

80  percent  HtPOtat  room  temi)crature . 

85  percent  Hil’Ot  at  200*  F  . 

1  percent  niP04at  Sttt®  F.  and  ItiUp.s.i.,  bomb  test  . 

lOOiKTcent  Il3p04«at  i:«)®  F  ..  . 

1 17  i)ercent  HJPO4  *  (85  t>erc»*nt  PiOi)  at  100®  F _ 

117  percent  lli!'04  5  (85  |H*rceni  P;Oj)  at  200®  F.  ..  . 
1  ;K‘rcent  flsPOiat^iOS®  F.aiid  IfiOp.s.  I..  bomb  test  . 
1  iKTcent  HjP04+5  p«*rcenl  sugar  at  34B®  F.  and  . 

IHO  p.  s.  1.,  bomb  l4*st.  [ 

85|>ercei»l  HiP04at  220®  F  .  ' 

85  percent  HjP04at  255®  F  . 

85  percent  H3PO4  at  280®  F  . . 

1 17  jM*rcent  HjP04 » (85  percent  PiOi)  at  140®  F —  | 

117  percent  1131*04  ^  (85  percent  PjOs)  at  850®  F . 

1 17  iH*rcent  UaP04 » (85  percent  PjO»)  at  140®  F . . .  . 
Il7pcrcent  H3PO4 » (85  t)erccnt  PjOj)  at  356*  F — 

90  percent  H3PO4  at  260®  F . . . 

92  percent  H3PO4  at  358*  F  . . , 

85  p4Tcent  H3PO4  at  256*  F  . 

117  |M‘roent  H,3P04  *  (85  iM'rcimt  PjOa)  at  140®  F — , 
117  iHTcent  IIjPOi  *  (85  juTcent  PjOj)  at  356®  F — 

85  t>ercent  HsPOi  at  220*  F  . 

85  jH'rcent  HsPOiat  255*  F  . 

85  percent  HjP04 at  280*  F . . 


70 

212 

295 


Kxc, 

Exc. 


15 

59 

2:14 

Exc. 

218 

206 

Exc. 

.58 

3011 

44N) 


99 

i.uun 

•"1 

Exc. 

8.  i 


H.  9 

m 

450 


A.-.i 


5.4 


100 


4.3 

24 

7il 

no 


4  .All  tests  were  made  in  the  thermal  block  tt’sling  apparatus  (sec  fig.  I)  unless  otherwise  noted.  Othi  r 
tests  made  in  bomb  testing  apparatus.  (See  flg.  5.) 

•  Where  “  Exc.”  is  shown  in  the  tabic,  corrosion  is  consi<lcrc<l  excessive. 

^  8iiecimeciS  were  wtoughe  metal  unles.<!  the  notation  “cast”  api>cars. 

4  Plant  acid  concentrated  by  evaporation. 

*  Plant  acid  c<mccntrated  to  lUO  percent  H3PO4  by  evaimration  ainl  ftirtified  with  PjOi. 


4 
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Table  II. — Laboratory  testa  in  C.  P.  phosphoric  acid  ' 


Corrosiun  rtite  tii  mils  iuii  jht  yvar 


Material  testeil  > 

a. ;  1 

* 

^  a 
a^.2 

£  a  A 

05 

"^2 

Ui 

2.1b  3 
- 

« 

C 

05 

Sx(  flS 

5.1a  % 

C-c 

^  a 

C2,.  t 

*  *i 

pi  Hi 

S  &  X  »  Z 

—  «  2  —a  2 

•  5  c-c  Z'B 

p|;il|  ill 

A.  I.  S.  I.  Ty|>e  316  stuinU's.s 

■ 

.^toel . 

0. 1 

O.l 

0. 1 

0.  1 

0.5 

0. 1 

0. 2  0. 1 

0.2  1  6 

I.  S.  I.  'I'ype  411)  stainles.s 
su'd  .  . . 

.1 ! 

to 

2 

00 

.5 

4 

8  '  3 

.51  1  20 

A.  I.  S.  I.  Tyi>e  416  Staiiiles.s 
.steel . . 

j 

1 

i  2.  »i0n 

-V.  I.  S.  I.  Type  430  stainU'ss 

SttS'l  .  . 

1 

.1  j 

.1 

, 

2 

I 

2  .1 

2  . 1  '  2 

.\.  I.  S.  I.  TytH*  .V)l  stainless 
steel .  . . 

1 

3.  (MN) 

4.  iNNI 

Brass,  red . 

1140  1 

115 

320 

112 

880 

120 

tiikt  5l> 

imi  I.*)  i.rno 

I  Corrusioii  mlt*  (‘X|>r4^sc<l  hi  mils  iMMii^iratiuit  )M‘r  yi‘ur 

I _ _  _ _ _ _ 

1  — "C  ^ 


Mtttvriul  tvstcd  * 


='^.| 

'll!  ill!il!ill|;il!  Ilf  il!  ilfjllf  ii! 

I  Is  3  *  !|s  i  is  S  is  i  is  a  5  i  is  s ;  is  i :  it  a!  i  *  i 

:»  3  IS  i2  «  s  a  a  la  -a  ,a  .a 


A.  I.  S.  I.  Ty|»e  316  Stain-  :  I  (  '  ' 

U‘sssta‘1 .  n  3  1  i  2  28  3  52  93  i  HM)  ;  :WJI)  ,  24  :  290 

A.  I.  S.  I.  Type  410  Stain-  ;  |  'I  i  i  '  , 

losssUM*! . I  3  i  24  41  . ;  . . . i .  I _  ' . !  . 

A.  I.  S.  I.  Tyjie  416stain- (  i  i  ;  . 

U‘ss  stwl . . :  . .  . I .....  -  . ■ . ' . ' . i - 

A.  I.  S.  I.  TyiK>430stain-  i  I  ‘  . 

'  loss  .stool . '  .1  9  1  . . . .  . ' . ! - i  ■ .  •  - 

A.  1.  S.  I.  TyiK*  501  stain-  i  I  !  i  1 

Bra.ss.  ml . |  18  1, 120  11  470  10  . . (2.  TOO  lOK  .5.  SOO  ;  480 


!  '  i  ! 

.12.766  io8  .5.^)6  :  480 


’  All  tests  wore  c«nducto<!  in  tliernial  block  testing  apparatus.  (S<t*  fig.  1.‘ 

*  All  siMvimons  wore  wrought  metal. 

Table  III. — E^prt«  0/  aeralioH  rate  on  corro«*on  of  -A.  I.  S,  J,  Type  Si6  atainiess 
steel  and  red  brass  in  80  percent  phosphoric  arid  at  carions  temperatures  * 

j  Corrosion  rate  in  mils  potietration  jht  year 


A.  I.  S.  I.  Type 3l6stainlcss steel. 

Do . - . 

Do . - . 

Do . 

Do . - . . 

l>o . 

Brass,  red . 

Do-. . 

Do-, . 

Do . 

Do . 

Do . 


21[  39. 

240|  540. 

3H0I  l.SOO  . 
6IO;  1.9001. 
000  1.300i. 
770  1,550. 


1  280  ! 

300  ! 

208 

235  2.V) 

2M) 

;iuo 

)•  24o| 

ami 

28 

t  1 

52  031 

300 

290 

»,  470| 

290 

3 

5  170 

410 

280 

!  2801 

320 

1.4 

3; . 

280: 

260 

1  ]20j 

120 

2 

3; _ 

100> 

24 

>i  140 

63 

3  18 

25 

30 

» 

.4 

2!  10; 

21; 

35 

81 

10 

1 

1081 

480 

660 

1.800 

330 

. i . i 

1.390] 

2,400 

1.800  3,000  340  1 . 1  2,100  4,200 

2,700  5.500  470  1 . [ . ■  2.700  5,800 

2.900  5. 000  730  1 . 1  3.100  5.800 

3,300  6,800  750  | . »  3.200  6.600 


>  -All  tests  were  oooducted  In  tbermal  block  testing  apparatus.  (8ee  fig.  1.) 
*  All  spedmens  were  wrought  metal. 


Table  l\'.~ Laboratory  testa  in  117  percent  Hjl’O,  at  to  ^50°  F.' 


Corrosiou  rate  in  mils  penelration  jter  year 


Material  lesiiHi  * 


Linear  vebxr- 
ily  of  si»eci-  i 
I  men  0.2  to  , 
0.4  ft./see.; 

'  siN^eiiuen 
'  cumpleU‘(y  . 
'  subiiu^-gisi; 


I..inear  veloc* 
ity  of  sped* 
men  0.2  to 
0.4  ft. 'sec.: 


Linear  veltic- 
ily  of  speci¬ 
men  0.2  to 
0.4  ft.  .sec.; 
speciiui’n 
alternately 
submerges  j 
ami  removed 
from  add 
bath;  Uith 
agitated  0.4 
ft. /sec. 


SiX'dmen 
static;  sp(‘ci- 
men  com¬ 
pletely 
submergeii; 
bath  slightly 
agitale^l 


.spt'eimeii 
c->inpk*tely 
submerged; 
bath  agitaUHl  bath  agitaU'd 
slightly  ;  0.4  ft. /see. 


I.  .•<.  I.  'I'yiK'  :i00  stainless  siwl . 

A.  1.  S.  I.  Typi'  310  stainless  stwl . 

A.  I.  S.  I.  TyiK*  3U>  stainless  steel . 

A.  I.  S.  I.  'I'ype  317  stainless  stwl . 

A.  I.  S.  1.  TyjK*  347  stainless  ste»d . 

A.  1.  S.  1.  Type  440  stainless  steel . 

l.osn 

.'vto  '  .  . 

. .  . 

2.  700 
2.800 

3.  :«K) 
3, 100 

Brass,  red . 

Bnmre,  aluminum . 

Bronze,  Vhosphor . 

5'JO  . . ; . . 

2.  :u}0 

rhlorimet  2  (cast) . 

39 

('ircle  L-34  tcast) . . . 

(^»>ast  metal  4  (i5ist>  . 

250  . 

Coast  metal  10  (cast) . . 

Coast  metal  12  (cast) . 

200 

Coast  metal  18  (cast) . }  I7n  .  t 

Klcomet  K  (cast) . . 

F.verdur  1010 . 

Hastelloy  A  (cist  and  wrought) . 

700  .  . 

000  . 

32  :» 

22 

. 

Haslelloy  G  (cast) . 

Uastelloy  D  (cast) . 

lUium  R . 

Inconel . 

120  i . 

70'. . 

I  5<)  . . 

1,000  . 

La  Hour  R-aS5  (ctisi) . . 

Exc.  . 

L340 

Exc . . 

Mild  steel . . 

1.000 

Kxc. 

125 

Vickel  .  . . . 

E«e 

i 

8 

CovpUd  tampla 

Hastellov  .A  (couoled  with  sterling  silver) . 

! 

3111  1 

27 

Sterling  silver  (oupled  with  Hastellov  A) . 

460  ' 

Wddtd  ramp/rr 

Hastelloy  B  (welded  with  Uastelloy  B) . 

. . .  j  Esc. 

25 

56 

>  All  tests  conducted  in  ceramic-lined  tank  testing  apparatus.  (See  fig.  3.) 
2  Specimens  were  wrought  metal  unless  the  notation  **cast*'  ap|)ear$. 
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'I'ablk  \'.  Tests  in  plant  phosphoric  acid  conducted  in  plant  and  pilot-plant  equipment 
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Tarlk  —  Ttatn  in  plntti  phosphoric  acid  condnclrd  in  plant  and  pilot-plnnl  equ i pnient  --('aiii  luiwii 
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Teds  in  vapor  containing  phosphoric  acUL- — Some  tests  were  made 
in  TVA  phosphoric  acid  plant  vapor  ducts  that  contained  phosphoric 
acid  as  mist  and  some  fluorine,  probably  present  as  hydrogen  fluoride. 
The  principal  constituent  of  the  gas  carrying  the  mist  was  nitrogen, 
though  some  oxygen  and  water  vapor  were  present  in  all  cases.  The 
results  of  these  tests  are  shown  in  table  VI. 


T.\ble  \'I. — Tests  in  vapors  containing  phosphoric  acid  ‘ 


» 


r 


« 


4 


CoiToston  rate  expressed  in  mils  penetration  per  year 


>faterial  teslet*  ■ 


j  \‘aporcpn- 
,  tuinintt  a 
I  small 
quantity  of 
HsPOtasa 
mist  ami 
rmees  of 
I  fliiurine  i 
jeompoiiiKis 
I  at  to  ' 
i  212'=’  F. 


V'apor  contain¬ 
ing  approxi¬ 
mately  0.07 
I»>rci‘nt  PjOs 
by  weight  and 
approximately 
264  p.  p.  m.  Fj 
and  from  7  to 
15  percent  Oj 
at  a  temi>era- 
turc  from  !29° 
to  237®  K. 
Velocity  of 
vapor  approxi¬ 
mately  30 
ft. .'sec. 


V'apor  con¬ 
taining 
10  percent 
by  weight 
,  of  81  per- 
'Cent  IlaPO* 
us  a  mist 
ami  ap- 
jproximatcly 
i'iOp.  p.  m. 

Fi  by 
weight  at 
2.')0°  to 
300'  F. 


45 

37. 5  I 
2  I 


-I 


2. 5  1 . 

2.3  1. 


I 


3.2 


2.4 


Admiralty . . 

Advance . . . . 

A.  I.  S.  I.  Tyt>e  302  stainless  slwl . . 

A.  I.  S.  I.  TviH'  ;H)2  stainless  steel  wehlod  with 
Tviie  302 -1-Mo  staiiUeSvS  ste«'l  welding  ro<|. 

A.  I.  S.  I.  Type  ;W3  stainless  steel . 

A.  r.  S.  f.  Tvih*  JKM  stainless  stM . ' . j  I 

A,  I.  S.  I,  Tvjie  309  stainless  stiH'l . . 

A.  I.  jJ.  I.  TyiK)  31»i  stainless  steel  . . i 

A.  I.  S.  I.  TvjM*  316  stainless  st'-el  welded  with  , 

Tvpe  316  sta'inless  steel  welding  r<xl . i 

A.  f.  S.  f.  Tv{X‘  316  stainless  steel  electric  w'oWetl 
with  Tvik*  316-h^'h  stainless  steel  welding  ro<l  . ..;. 

A.  I,  S.  I,  'I'vpe  stainless  steel  with  Hellarc  ; 

weld  u.sing  tviH'  3lG-l-rb  rod  for  filler . 

A.  f.  S.  I.  Type  317  stainless  steel . 

A.  r.  .*5.  I.  TyjM' .320  stainless  . j 

A.  I.  S.  1.  Type  329  stainless  stwd . 

A.  1.  S.  I,  TvjK* 4.'}o stainless stwl . . . 

A.  r.  S.  I.  TyiH.'  TK)  .stainless  steel  weldc<l  with  ; 

TyiM>  3t6-f-('b  welding  rod. . . 

A.  r.  s',  f.  Type  440  stainless stwl  . 

Allegheny  55  (east) . . — 

AMSro  F-3  (cast) . ' 

Anti-acid  metal  (esist)  . . ' 

Beryllium  coptKT . ■ 

Pmss.  hifih  .  ---  . i 

Brass,  high  (hraze<l  with  Phos-Coprier) . 

Brass,  high  (brazed  with  ?il-fos)... - - 

Brasvs,  high  (brazed  with  Tobin  bronze)  . I 

Bra.ss,  high  (solder'd  with  60  perevnt  40  imt-  i 

wni  i’b) . 1 

Bmss,  re<l . -  . | 

Bras.s,  reti  (electric  woUted)  . ; . 

Brass,  red  (gas  welded)  . . — 

Bronze,  aluminum  — . . 

Bronze,  commercial  (ca-sl) . 

Bronze,  manganese  (cast) .  . . 

Bronze,  nickcl-aluminum  (cast) . . 

Bronze,  Phosphor  C . . . 

Bronze,  Phosphor  U . 

Bronze,  silicon . | 

Bronze,  isuperstrenglh  (cast) . ; 

Bronze,  Tobin . 1 

Carpenter  20. .  - . - . - . . 

Cast  iron  (brazed  with  Tobin  bronze)  (ca!?t) . i 

Cast  iron  (welded  with  cast  iron)  (cast) . . i 

Circle  L-34  (cast) . 


St* 

46 

.54 

73 

61 

4t» 

?a 

66 


300 

46 

1(K) 

100 

87 


41 

21.4  I 


6 

Exc. 


Copper. . 

See  footnotes  at  end  of  table. 


Vapor  con¬ 
taining 
approxi¬ 
mately  13 
percent 
PjOs  and 
approxi¬ 
mately  250 
p.  p.  m.  Fj 
by  weight 
at  28.5®  to 
I  300®  F. 
j  Velocity  of 
j  vapor  ap- 
iproxiinately 
i  30ft./sec. 


6.3 


, 

. 1 

3.51' 

12 

96  j 

i 

N’lO 

. 

1 .  i 

I.:.: . 

!  46 

3.5 

HK 

.52 


42 

25 

46 
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Tabi.k  \  l.—  Teats  in  vafiors  vontaining  phosphoric  acid 


CoiTosUm  rate  cx|)ressed  (n  mils  penetration  iwr  year 


Material  tested  * 


f  Vaitnreoii* ; 
;  tainin?  a  . 
I  small  : 
quantity  of ' 
lfiPO<  as  a  j 
.  mist  and  | 
1  traces  of 
I  fluorine  j 
compounds' 
j  at  ‘JiS"  to  I 
.  2\r  V.  I 


V  ai>or  contain* 
injt  approvi- 
niately  0.07 
l>ercent  PjOs 
by  weight  an<l 
approximately 
2M  n.  p.  m.  K» 
ami  irom  7  to 
Ih  percent  Oj 
at  a  tcm|iera' 
ture  from 
to  217®  V. 
t'clocity  of 
vapor  approxi¬ 
mately  :k) 
fi./scc. 


'  Vapor  coa- 
I  taininit  I 
'  10  percent 
j  by  Height  | 
1  of  81  per-  i 
icent  HjP04i 
j  as  a  mist 
I  and  ap- 
!protimatcJy 
i  250  p.  p.  m. 

I  F,  by 
1  H’cieht  at 
25C®  to 
;  300®  F. 


\’aiM>r  con¬ 
taining 

approxi- 
mutely  13 
r«‘rccnt 
PjOs  and 
approx  i- 
nmtcly  250 
p.  p.  m.  Fj 
by  weight 
at  2H5®  to 
300®  F. 
Velocity  of 
vapor  ap¬ 
proximately 
30  ft  ./.Sec. 


ropiM'v  fhrarisl  uith  Ph<ts-Cop|)er) . . . . 

ropjtcr  (lirartsl  with  Sil-fos> .  .  . 

CopjH'r  (hniiasl  with  Tohiti  brori7.i*i  . . 

{soldered  with  no  |)crei‘nt  Sti,  40  |MTc»*nt 

Pb)  . . . . . 

(''opptT,  <!eoxidi7(Hl  . . 

ropjH*r,  (icoxidired  {«*lectrie  weld) . . 

rop[M'r.  dcfixidired  (cas  wel<U . ! 

('roloyO  . I 

f'roloy  2.V20  j 

('iijiro-N’icbel  20  perwni  . , 

Duraloy  A . . . . 

Hiirichlor  (ost) .  . 

Durlron  (c’lst)  . . .  . 

Knditro  NC  3  {cast)  . s 

Everhrllc  feast) . . . 

Kvordur  lOlO  .  .  ! 

Everdur  1010  (electric  wc!<l  with  Evenittr  lOlorwD  [ 

Eveidur  1015 . ! 

(Jnld  . 1 

TIastelloy  \  .  . . j 

ilastelloy  B  . ; 

ffasielloy  C' (I'ast)  . .  .. 

llastelloy  D  (cast)  .  ! 

Illium  (I  (cast) . j 

l.cart,  chemical. . .  . 

Lead,  fcUuriura  . ! 

Mild  steel . . 1 

Monel  . ! 

Monel  {electric  welded  witli  Nfonol)  . 

Monel  flleUarc  welded  with  Monel  strip  for  filler) 

Moto'l  K  . . . . 

Monel  S  (c?ist)  .  . . . 

Monel  S  teicctric  weld  with  Monel  No.  i:l0-X  ro<i) 

Muntz  met'il  (t-'St)  . 

Nichrotnc  V  . . 

\Jekel  .  . 

N'i-Kc.sist  (ctistj  . ' 

^■l-K^*sist.  copper  free  (cast)  . ..- 

Olympic  A . 

Olympic  I )  j 

Piomvr  rnclal  (oust).  - . J 

Platinuin  .  I 

Resistac  (ca^t)  . j 

Sil<T(nnc2."»-2«  . . ■ 

Silver,  fine  . . ! 

Sterling ‘Silver . ' 

Super  nickel  . . 

Warthite  (cjisfj  .  . ...  _  . .  : 

Zinitf _  _  ' 


ot 


H7  , 
!) 

•II  j 

.8  I 

37  ! 

:«)  ! 

II 

04  t 
32  i 


I 

’22.Wi 


1. 1 
13. 2 


21  0  : 
20.  1 
3«» 
•14.5 


25 


45 

30  0  j 
.S5  I 

f>H  I 

12-  5  i . 

45 

0.  .5  I 


■|- 


2H0 

’•ifio’ 


120 

8.3 


3.50 

220 


lOO 

4(iO 

300 


4.  I 

5 


87 

7.5 

79 


! 

23 


04 

21 


"  * 

I5t) 

310 

1  170 

100 

. 

irt) 

90 

:  102 

25 

i  lit 

77 

♦ 


\ 

i 

r 


'  AU  tests  shown  were  conducted  in  plant  equipment. 

■  Specimens  were  wrought  metal  unless  the  notation  “oist”  ap|M*ars. 


Tests  in  solutions  oJ  phosphoric  acid  and  other  mineral  acids  and 
salts. — Tc'sts  were  made  in  the  laboratory  in  solutions  containing 
phosphoric  acid  and  otlicr  mineral  acids  and  salts.  C.  P.  chemicals 
were  used.  These*  tests  wen*  made  in  th<*rnial  block  testing  apparatus. 
Tlie  n'sults  are  shown  in  table  VII. 
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Table  \  II.  Tests  in  sofittions  of  phosphoric  add  *  icitk  other  mineral  adds  and 

salts 


Corrosion  rate  expressetl  in  njiU  penetration  jht  year 


! 

Matcrinl  tested  • 

i 

i 

1 

i 

1 

.»e>» 

0*0  * 

-“III 
ga  s  si 

S|Sf| 

Ss  ' 

iiS 

U-K 

3 

‘^‘5  Sts 

£*.|i 

a®i= 
gazi 
5  =  =  * 

3S». 

.JSSe 

o  '*■ 

£  1 

•m  "3 

» 

1 

d  f 

1 

5*5 

( 

' 

—  — ^  o ! 

o  aj  1- 

*  1 

i=§ 

oA-z 

13| 

0*15 

■ 

III 

■ 

O  z  ' 
•53? 
3«c|  , 
o:Hf  ■ 

I"* 

—  *  1 

ill  ' 

' 

S  ! 

i-ri  i 

ir  ^ 

l|!.i 

'0  3^ 

2 

A.  I.  S.  I. Typo 301  stainless 

i 

1 . 

r> 

1 

A .  l.S.  I.  Type  31»i  stainless 

1 

1 

13 

o 

<5  , 

.A.  I.  S.  I.  Typo  329stninloss 

70 

1  : 

1  , 

A .  I.  S.  L  Ty{K'  430  stainless 

84 

1 

1 

.A.  I.  S.  I.  Tyite  4 W stainless 

.  2S  . 

2K0 

^  1 

m  , 

2U0 

54 

SIO 

,  13 

1  5W) 

220 

'  340 

458 

1 

1 

'  AU  tests  conducted  in  thermal  block  testing  apparatus.  (See  flg.  1.) 

*  Specimens  were  wrought  metal  unless  the  notation  “cast”  apj)efirs. 

*  Solution  made  by  adding  solid  PjOt  to  famine  IIXO3. 


Tests  in  ammonium  phosphate  solutions. — Laboratory  tests  were 
made  in  solutions  of  monoammouium  phosphate  and  diammonium 
phosphate.  All  tests  were  made  in  thermal  block  testing  appnt’atus 
using  salts  made  by  the  ammoniation  of  plant  phosphoric*  acid  in  the 
pilot  plant  desei  ibed  by  Thompson,  et  al.  (8).  The  results  are  shown 
in  table  VIII. 

Tests  in  electrostatic  phosphorus  precipitator  seal  oil  with  and  without 
phosphorus  and  phosphorus  pentoxide  contamination. — A  few  tests  were 
made  in  the  laboratory  in  the  oil  used  as  a  pressure  seal  for  electro¬ 
static  dust  precipitators  used  in  phosphorus  colh‘<*tion  systems.  New 
oil  and  also  oil  that  had  been  in  service  were  used.  The  oil  was 
Navy  No.  3095.  The  tests  were  made  in  a  thermal  block  testing 
apparatus  at  200°  F.  The  oil  was  not  aerated.  Results  are  shown 
in  table  IX. 

Tests  in  suljuric  acid  with  and  without  other  materials. — Tests  were 
made  both  in  the  laboratory  and  in  pilot-plant  equipment  in  sulfuric 
acid  solutions  both  with  and  without  other  materials.  In  the  pilot- 
plant  tests  the  sulfuric,  acid  that  was  used  was  produced  in  a  pilot 
plant  operated  in  a  study  of  the  production  of  alumina  from  clay  (9) . 
C.  P.  acid  was  used  in  the  laboratory  tests.  The  resedts  are  shown 
in  table  X.  The  methods  of  testing  are  indicated  in  the  table.  The 
extent  of  agitation  and  aeration  in  tlie  pilot-plant  tc'sts  is  not  known. 
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Table  VIIl. — Teala  in  ammonium  phoaphate  aolutiona  * 


Material  tested  > 

Corrosioa  rate  ex[X’essed  in  mils  penetration  per  year 

2  percent  solution  mono* 
ammonium  phosphate 
at  room  temperuture 
with  aeration 

III. 

.SsSi 

S3  * 

ll!i 

«>4 

4  percent  solution  mono¬ 

ammonium  phosphate 
at  room  temperature 

with  aeration 

4  percent  solution  mono- 

ammonium  phosphate 

at  room  temperature 

without  aeration 

6  percent  solution  mono- 

ammonium  phosphate 

at  room  temperature 

with  aeration 

6  percent  solution  mono- 

ammonium  phosphate 

at  room  temperature 

without  aeration 

8  percent  solution  memo- 

ammonium  phosphate 

at  room  temperature 

with  aeration 

8  percent  solution  mono- 

ammonium  phosphate 

at  room  temperature 

without  aeration 

2  percent  solution  di¬ 

ammonium  phosphate 
at  room  temperature 

with  aeration 

A .  1. 8. 1.  T  ype  430  stainless 

A.  I.  S.  I.  Type  SOI  stainless 

Brass,  yellow . 

10 

3 

15 

7.5 

18 

11 

24 

9 

1 

MOd  steel.... . 

Material  tested  < 

Corrosion  rate  expressed  in  mils  penetratioa  per  year— Continued 

2  percent  solution  di¬ 
ammonium  phosphate 
at  room  temperature 
without  aeration 

4  percent  solution  di¬ 
ammonium  phosphate 
at  room  temperature 
with  aeration 

4  percent  solution  di¬ 
ammonium  phosphate 
at  room  temperature 
without  aeration 

6  percent  solution  di¬ 
ammonium  phosphate 
at  room  temperature 
with  aeration 

6  percent  solution  di- 
ammonium  phosphate 
at  room  temperature 
without  aeration 

8  percent  solution  di¬ 
ammonium  phosphate 
at  room  temperature 
with  aeration 

H  percent  solution  di¬ 
ammonium  phosphate 
at  room  temperature 
without  aeration 

51  percent  solution  (satu¬ 
rated)  diammonium 
phosphate  at  140*^  F. 
with  aeration 

a 

S3 

2.S 

• 

2.6 

3 

7.2 

5 

9.4 

'•& 
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>  AU  tests  oonducted  in  thermal  block  testing  apparatus.  (See  fig.  1.) 
•  Specimens  were  wrought  metal  unless  notation  "cast”  appears. 


Table  IX. — Teala  in  phoaphorua  electroatalic  precipitator  aeal  oil  •  with  and  without 

PjOj  contamination  ’ 


Corrosion  rate  expressed  in 
mils  penetration  per  year 

Material  tested  * 

1 

Precipitator 
seal  oil  with¬ 
out  PsO»  con- 
tamhiation  at 
200*  F. 

Precipitator 
seal  oil  con¬ 
taining  phos- 
pbcNTis  and 
weak  H)PO« 
equivalent  to 
1.7  percent 
PjO*  at  200*  F. 

0.7 

7 

51 

Mild  steel'* . . . . 

.4 

200 

356 

.7 

1  Precipitator  seal  oil  8.  A.  E.  30  (Nav;  No.  3063). 

>  Tests  conducted  in  thermal  block  testing  apparatus  (see  fig.  I)  without  aeration. 

>  All  specimens  were  wrought  metal. 
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Table  X. — Testa  in  sulfuric  acid  solutions  with  and  without  other  materials 


18d| 

i|oo(q  (BUUdq)  iuo\i 
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*OS*H  laaojad 

^iq  i«ixudqi  :uo(-| 
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)B  99 
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i  qcrs)  a^siois 
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^  - 

5  I  isai  ^iQ 

"  IBuiidqi  taonBjas 

•9  (  M  o»'9a)  2u| 
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t  )8a)  quioq 
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I -8  d  09ipuB*4,^ 

■JB  »08*H  luwwd  5*0 


a&s.s.s. 

»>»>»>»>«>« 
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Tests  in  aluminum  sulfate  solutions. — Tests  were  eomlueted  in  the 
laboratory  and  in  pilot-plant  equipment  (9)  in  aluminum  sulfate 
solutions  of  several  concentrations  ami  at  several  temperatures.  The 
aluminum  sulfate  was  produced  in  the  pilot  plant.  The  results  ai'e 
shown  in  table  XI.  The  methods  of  testing  are  indicated  in  the  table. 
As  was  the  case  with  tests  in  sulfuric  acid,  the  extent  of  agitation  and 
aeration  obtained  in  the  pilot-plant  tests  is  not  known. 

T.\bi.k  XI. —  Teals  in  aluminum  sulfate  solutions 


('orrosion  rotes  expressed  in  roils  penetration  per  year 
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s 
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es 

s 

P 
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B 

—5 

cl 

«  -r 

JT'*' 

■/) 

0?l 

A.  I.  s.  I.  Type302stainlossstoel 

0 

0 

23 

A.  I.  S.  1.  Type  304  stainless  Steel 

0.5 

0.9 

0.1 

... 

0.5 

2 

5A 

A.  I.  S.  I.  Ty|>e  316  stainless  steel 

0 

1.5 

0 

<0.3 

0.1 

0.2 

.3 

21 

560 

150 

190 

450 

24 

Circle  L-34  (cast) .  .  . 

.5 

.9 

.4 

L<-3 

.2 

.4 

0 

0 

1.7 

550 

Exc. 

140 

Durichlor  (cast)  . 

1.3 

1.5 

6 

.2 

0 

w 

4. 1 

5. 1 

2.9 

0 

. 

1.9 

2  if 

3 

l/cad,  chemical.  .  . 

i.z 

2.4 

<2.5 

2 

1 

2. 1 

340 

Monel  K .  . . 

50 

K.T 

1. 1 

1.3 

1.7 

25 

7.2 

i 

-  1 

! 

>  Specimens  were  wrought  metal  unless  notation  “rdst”  api>ears. 
*  Testing  apparatus  shown  in  fig.  1. 


Tests  in  nitric  acid. — Tests  in  nitric  acid  solutions  of  several  con¬ 
centrations  and  at  several  temperatures  were  made  using  both  plant 
and  C.  P.  acid  in  thermal  block  testing  apparatus.  The  residts  of 
these  tests  are  shown  in  table  XII.  Typical  analysis  of  the  plant 
acid  used  in  these  tests  is  given  below. 


Constituent  1  Percent 

:  i 

1  Constituent  '■  IVrcent 

1 

n.VOj . ;  42.5 

■  Pb . :  Nil 

n  ...  0.034 

-^1 . .  - .  1  .002 

Cu . .  1  ,(Krt 

1  SiOj . Nil 

SOj  . . . - .  _  . . j  Nil 
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Table  XII. — Tests  in  nitric  avid  * 


C'orrosion  ratf  cxitrt's^ed  in  mil!»  pt'iietraiittii  per  year 


1 


Material  test(xl  * 


2  I  S  £  >  ^  * 

■=  a  [  9  S  I  s  a  i  S  *  i  5 1 

If  I  i|  111  1|J  ;1| 
sr5  i  i  s-c 

If  !  !  if  1*  '  11 

«&t.  I  I  I  So  !  ^U. 

!«  !  CS;  [  1  E§  I  E|j 

I-  !  1=  1  i  I 


^  3  '  ^  ^  5  1  s 

Sx  I  S«  I  '  Sc  Sc  S:z  ' 

-C  --  -■-  ■  9?  lc£ 


-r  *  ^3  S 

5  —  •  5«- 
c  ;  ;  c  a 


Xa 
S  c 

?  I 


A.  1.  S.  I.  Type  304  stainless  Steel. 

A.l,  1.  Type  309  Stainless  steel 
A.  1.  S.  I.  Type  31ti stainless  steel. 

A.  1.  S.  1.  Type  ^7  stainless  steel 
A.  I.  S.  I.  Type  430 stainless  steel 
A.  1.  S.  I.  Type  430 stainless  stet'l 
electric  welded  with  Type  309 

stainless  steel  welding  rod _ 

A.  1. 1.  Ty|)e  4:10  stainless  steel 
electric  w’elded  with  Type 
;MH-C  b  staioWas  sti*el  welding 

rod . . 

A.  I.  S.  1.  Tyne  430  stainless  steel 
electric  wekled  with  Type  316 

stainless  slet'l  welding  rot _ 

A.  1. 1.  Type  4:10  stainles  s  steel 
electric  wekietl  with  tType 
31  ti+C  b  stainless  steel  w(  Iding 
rod 

A.  I.  S.  I.  Tyi^e  430  stainless  steel 
electric  welded  with  Tyiw 
347+Cb  stain ]e&<«  steel  welding 

rod . 

A.  I.  S.  1.  Type  430  stainless  steel 
electric  welded  with  Type  430 
stainless  steel  welding  ro(l  ■■■■ 

I.  S.  1.  Type  446  stainless  steel 
A.  I.  S.  1.  Type  501  stainless  steel 

Aluininum . . 

.Aluminum  (electric  arc  welded) 

Aluminum  (gas  welded) 

A.  J4.  T.  M.  Designation:  .A19^ 

39,  (Irado  A  (cast) . . 3  ■ 

A.S.  T.  M.  Designation:  A290-  :  l 

46T.  (Jrade  8 . .  .  0  1 

Ferritic  cast  chromium  steel  ; 

(cast) . . . 1 

Worihite . . . 3 
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>  .All  tests  conducted  in  the  thermal  block  testing  apparatus.  (!^ee  fig.  1.) 
•  S{)ecimens  were  wrought  metal  unless  the  notation  **cast*’  up{>ears. 


Tef/t  in  solutions  containing  ammonium  nitrate  with  and  vnthovt. 
other  materials. — Laboratory  tests  were  made  in  solutions  containing 
ammonium  nitrate  at  several  temperatures.  Some  of  the  solutions 
contained  excess  ammonia  or  calcium  nitrate,  and  others  contained 
compounds  that  had  been  a<l<icd  as  corrosion  inhibitors.  The  am¬ 
monium  nitrate  was  made  by  the  ammoniation  of  plant  nitric  acid. 
The  caleiunj.  nitrate  and  the  inhibitors  were  C.  P.  chemicals.  The 
results  of  the  tests  are  given  in  table  XIII.  The  methods  used  in 
making  the  tests  are  indicated  in  the  table. 


915001-51 - 5 
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Table  XIII. —  TesU  in  coniaining  ammonium  nitrate  with  and  v^ithoui 

other  materiaU 


Corrofiioo  rate  exprMsed  in  mils  penetration  per  year 


Material  tested  > 
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A.  I.  S.  I.  Type  304  stain- 

0 

0 

A.  1. 8. 1.  Type  405  stain- 

0 

A.  I.  S.  I.  Type  410  stain- 

1  0 

A.  I.  S.  I.  Type  416  stain- 

i 

1 

>  0.5 

. 

A.  I.  S.  I.  Type  430  stain- 

0 

0 

1  « 

A.  1,  8. 1.  Type  430  stain- 
less  steel  welded  with 
Type  430  stainless  steel 

0 

A.  I.  S.LTypeMi stain- 

136 

Jl.I.  S.  I.  Type  aH  stain- 

i 

110 

0  1 

Aluminum  welded  with 

0 

150 

. i 

0 

0 

670 

540 

640 

520 

.  1 

130 

230 

120 

16 

19  ! 

3 

1 

1 

Mild  steel  welded  with 

1,800 

22 

1  Spedinens  were  wrought  metal  unless  the  notation  ‘‘cast"  spears. 

>  i^t  was  conducted  in  an  open  water-jacketed  beaker.  'Iw  specimens  moved  at  an  average  linear 
velocity  20  feet  per  second  being  alternately  Immersed  In  the  ctwrodent  and  removed  from  it  28  times 
per  minute.  Specmiena  were  immersed  approximately  one-third  the  time. 

>  Testing  apparatus  ^own  in  fig.  5. 

« Testing  apparatus  shown  in  flg> 


Test  in  copper  ammonium  acetate  solution. — A  test  of  several  metals 
in  copper  ammonium  acetate  solution  was  made  at  180°  F.  in  plant 
equipment  (4).  The  results  are  given  in  table  XIV.  The  composi¬ 
tion  of  the  solution  is  shown  in  the  table. 

Tests  in  solutions  of  various  compounds  of  fluorine. — Tests  were  made 
in  the  thermal  block  testing  apparatus  in  solutions  containing  various 
compounds  of  fluorine.  C.  P.  chemicals  were  used  in  preparing  the 
solutions.  The  results  are  shown  in  table  XV. 
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Table  XIV. — TVs/a  in  copper  ammonium  acetate  solution  ‘  ^  at  180°  F. 


Material  tasted  < 


Corrosi<»  rate 
expressed  in 
I  mils  poietra- 
I  tion  per  year 


A.  1.  S.  I.  Type  316  stainless  steel. 
A.  1.  S.  1.  Type  SOI  stainless  steel. 
A.  1.  S.  1.  Type  502  stainless  steel. 

Cast  iron,  gray  (cast) . 

Mild  steel . 


0 

.1 

0 

2 

.1 


‘  Composititm  of  solution:  Creme  per  liter 

Acetic  add . lao 

NH, .  IM 

Cupric^ .  27 

Cuprous* .  131 


*  Tests  made  in  the  plant,  without  aeration. 

*  Specimens  were  wrought  metal  unless  the  notation  '‘cast’*  appears. 


Table  XV. — Tests  in  solutions  of  various  compounds  of  fluorine  * 


Corrosion  rate  expressed  in  mils  penetration  per  year 

Material  tested  > 

A 

1 

«  g 

2 

S 

M 

% 

s 

o 

A 

1 

§1 

2 

s 

A 

? 

fih 

% 

si 

a 

2 

d 

S 

k 

h 

li 

11 

P 

2 

d 

at 

8 

A 

i 

ii 

Sfi 

£S 

z 

w 

S 

2  « 
s  ^ 

|H 

lii 

.3i» 

S3mS 

2 

£ 

m| 

+  * 

i! 

e 

10  percent  HF+5  percent  HiSiFi 
at  150**  F.  without  aeration 

k 

si 

CO** 

»o 

A 

i 

o 

|| 

PA 

ft's 

o'** 

Si 

a  * 

W 

1 

*a 

•  o 

Is 

53 

eh 

8,- 

21 

5  ' 

A.  I.  S.  I.  Type  302  stainless 

160 

A.  I.  S.  1.  Type  304  stainless 

150 

A.  1.  8.  1.  Type  316  stainless 

140 

. 

0 

701 

8 

A.  I.  8.  1.  Type  410  stainless 

0 

A.  I.  S.  I.  Type  430  stainless 

610 

0 

0 

0 

40 

72 

11 

250 

49 

16 

0 

.7 

1  . . 

31 

58 

. 

.2 

9 

13 

,3 

0 

530 

290 

9 

... 

.4 

520 

&0 

30 

54 

9.3 

3 

66 

45 

210 

,4 

3 

130 

74 

350 

.2 

0 

05 

72 

12 

33 

Nickel . 

16 

4 

1.5 

0.3 

>  All  tests  were  omducted  in  the  thermal  block  testing  apparatus.  (See  fig.  1.) 
<  Spedmens  were  wrought  metal  unless  the  notation  “cast”  appears. 
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Tests  in  tnagnesium  chloride  solutions  containing  smalt  amounts  of 
hydrochloric  aciW— Tests  wore  made  in  the  thermal  block  testing: 
apparatus  in  magnesium  chloride  solutions  (14  percent)  that  con¬ 
tained  small  amounts  of  hyilrochloric  acid.  These  solutions  were 
similar  to  some  that  were  obtained  in  pilot-plant  work  '{2)  on  the 
production  of  magnesium  from  olivine.  The  results  an*  shown  in 
table  XVI. 

Table  X\I. —  Tfsin  in  magnesium  chloride  solutions  containing  small  amounts  of 

hydrochloric  add  * 


t'orrosion  mft*  t‘x|»rcssed  in  miN  {)enetmtion  per  year 


Material  tested  2 


A.  I.  I.  'rypt'  :t03  stainless  steel 
A.  I.  S,  I.  TyjH*  :i04  stainless  steel 
A.  I.  J?.  I.  Type  329  stainless  steel 
A.  I-  5*.  I.  Type  410  stainless  steel 
A.  I.  S.  I.  Type  430  stainless  steel. 
A.  I.  S.  1.  Type  446  stainless  steel. 

Brass,  re<l . 

Brass,  yellow . : . 

Cast  iron.  Kray  (cast) . 

Rverdur  10  It) . 

Monel . 

Mild  steel . . . 

j^uper  nickel. . 


14  percent 
MgC'hi-smaU 
amount  of  Q('l. 
pH  3,  at  room 
temiterature 
without 
aeration 


14  percent 
MgCL+small 
amount  of  HCl. 
pH  4,  at  room 
tem|)erature 
without 
aemtiun 


I  14  percent 
MKCli+small 
amount  of  UCl. 
pH  5,  at  room 
temperature 
without 
aeration 


2  I 


I  f  jH-rx'fit 
.NUCl.-stnall 
.  a/noiini  uf  HCl, 
13r  F. 

M  tthout 
I  aeration 


4  7 


13 

4 

3 

3 

2f» 

4 

■Mi 


i.r> 
17  ‘ 


1  All  tests  were  conducted  in  the  thermal  block  testing  apparatus.  (See  hg.  I.) 

2  Specimens  were  wrouKht  metal  unless  the  notation  **cast**  ap|>ears. 


Tests  of  Ceramic  Materials 


The  results  of  tests  made  by  four  of  the  methods  used  for  evaluating 
ceramic  materials  are  given  in  this  report.  Each  of  these  methods  is 
outlinwl,  and  the  basis  for  evaluating  the  results  is  explained  in  one 
of  the  following  sections.  The  compositions  aiul  physical  prop<*rties 
of  the  eeramie  materials  used  in  the  tests  are  given  in  Index  C. 


Tests  of  Refractories  Against  Phosphates  and  Slags  at  Elevated 
Temperatures  in  a  Pot-Type  Furnace 

Tests  of  the  resistance  of  refractories  to  the  corrosion  action  of  phos¬ 
phates  and  slags  at  elevated  temperatures  were  made  in  a  pot-type 
furnace.  Corrosives  tested  were  molten  eleetrie  phosphate  reduction 
furnace  slag,  calcium  meta})hosphate,  rock  pho.sphate,  and  basic 
open-hearth  slag. 

Equipment  and  procedure. —  Four  samples  could  be  testeil  simul¬ 
taneously  in  the  furnace,  which  had  a  erueible  that  was  24  inches  in 
tiiameter  and  12  inches  deep.  As  shown  in  figure  6,  which  is  a  eross- 
seetional  drawing  of  the  furnace,  and  in  figure  7,  which  is  a  photograph 
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tliat  shows  till'  top  of  the  funiaee  with  the  liil  raised,  the  test  speciiiieiis 
were  suspended  from  the  top  hy  means  of  steel  elainps;  about  2  iuehes 
of  the  specimens  was  immerseil  in  the  molten  corrosive.  The  furnace 
was  heatwl  by  burning  eitlier  fuel  oil  or  carbon  mono.xide  gas  in  tuo 
burner  ports,  tangential  to  the  crucible  and  opening  into  the  crucible 
above  the  pool  of  corrosive.  Passage  of  the  gaseous  products  of 
combustion  over  the  molten  corrosive  caused  it  to  be  agitated  some¬ 
what,  depending  on  the  type  of  fuel  usi'd  and  the  viscosity  of  the 
corrosive.  However,  agitation  was  not  considered  to  be  very  signi¬ 
ficant  and  W'as  not  measured  in  all  the  tests.  The  di'gree  of  agitation 
is  indicated  by  measurement  made  when  using  molten  slag  from 
electric  phosphate  reduction  furnaces  as  the  corrosive.  With  oil  as 
fuel  and  a  temperature  of  about  2,500°  F.,  the  molten  slag  in  the 
crucible  appeared  to  rotate  at  a  speed  of  6  revolutions  per  minute. 
With  carbon  mono.xide  as  fuel,  under  the  same  conditions,  the  rota¬ 
tional  speed  was  about  4  revolutions  per  minute. 

The  furnace  temperature  was  controlled  and  recorded  by  means  of 
a  potentiometer-type  pyrometer.  A  calibrated  platinum — plali- 
num-10  percent  rhodium  thermocouple  in  a  porcelain  protection  tube 
was  used  to  measure  furnace  tempent'  e.  This  thermocouple  was 
guarded  from  fumes  and  slag  attack  by  a  standard  Carbofrax  protec¬ 
tion  tube. 

The  corrosive  was  charged  into  the  furnace  and  melted  in  such  a 
manner  that  contact  of  the  cold  unmelted  material  with  the  test  brick 
was  avoided.  The  lid  and  the  space  around  each  brick  in  the  lid  were 
sealed,  and  gases  left  the  furnace  through  flues  in  the  side  of  the 
furnace.  The  heating  schedule,  the  maximum  temperature  reached, 
and  the  time  at  the  maximum  temperature  varied  for  the  different 
corrosives  tested.  The  bath  level  was  maintained  constant  by  adili- 
tions  of  the  corrosive  during  the  testing  period. 

At  the  end  of  the  test  period  the  corrosive  was  tapped  from  the 
furnace  while  the  temperature  was  mamtained  at  the  maximum  that 
had  been  attained  so  that  the  molten  corrosive  would  drain  from  the 
specimens.  The  tapping  period  usually  required  10  to  15  minutes, 
and  w  hen  tapping  was  complete,  the  furnace  was  shut  off  and  allowed 
to  cool  for  12  to  24  houi-s. 

The  specimens  then  were  detached  from  the  clamps,  and  the 
approximate  average  depth  of  penetration  of  corrosion  and  erosion 
was  determined.  The  measurements  were  taken  at  the  surface  of 
the  molten  corrosive  since  in  practically  all  cases  the  greatest  amount 
of  penetration  occurred  at  this  point.  The  depth  determinations 
were  made  by  laying  a  straightedge  along  the  face  of  the  uncorroded 
part  of  the  test  specimen  so  that  it  extended  over  the  corroded  section 
and  then  measuring  the  distance  from  the  straightedge  to  the  surface 
that  had  been  attacked  by  the  corrosive. 
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Result-^. — PIvaluatiolis  of  tlie  tests  of  eerainie  inaleridls  weic  nuiile 
on  the  basis  of  tlie  approximate  average  «lepth  of  jjenetration  of 
corrosion  and  erosion  for  two  or  more  specimens  In  tlie  tal)les  that 
follow,  the  brick  are  arranged  in  the  order  of  ii.creasing  depths  o, 
penetration.  In  several  eases,  evaluation  on  this  basis  could  not  be 
followed  because  the  test  brick  absorbed  slag,  expanded,  or  eraeked 
to  such  an  extent  that  they  were  considered  unsatisfactory  for  use  in 
refractory  structures.  The  method  of  evaluation  used  here  is  some¬ 
what  different  from  that  <lescribed  in  other  articles  (6,  6)  concerning 
this  work,  but  the  conclusions  reached  are  es.sentially  identical,  and 
it  is  believed  that  the  present  method  is  the  more  reliable. 

The  results  of  tests  of  the  corrosiveness  of  electric-furnace  slag, 
calcium  metaphosphate,  fused  rock  phosphate,  and  basic  open-hearth 
slag  are  presented,  respectively,  in  tables  XVII,  XVIII,  XIX,  and  XX. 
Photographs  of  some  of  the  exposed  test  brick  are  shown  in  figure  8 
through  1 1 . 


T.cbi.e  XV^II. — Results  of  tests  in  molten  slag  '  from  electric  phosphate  reduction 

furnace 


(Maximum  temperature.  2,650®  F.J » 


Material  teeced— brick 


Maximuii..  pene¬ 
tration  (tncbes)  * 


Remarks 


Ciilciura  oxide— chromium  oxide— rir*  0  to  . 

coniumoxide.<  J  | 

rnlcium  oxide— chromium  oxide  * « . !  0  to  9i«. . 


Fused  oast  (approximately  70  percent  M« . 

AljOjl. 

Fused  cast  (approximately  90  percent  HtoM« 
AUOsJ. 


Zircftn . 

Ebctrocust  (approximately  75  percent 
AiiOj). 

Aluminous  (approximately  70  percent 
AbOa). 

Aluminous  (approximately  90  percent 
AhOj). 

Aluminous  (approximately  50  percent 
AljOi). 

Zircon— silicon  carbide . 

Super  duty  fireclay . . 

Forsterite-Chrome. . . 

Fuitetl  cast  (approximately  50  percent 
MgOj. 

Silica . 


tito  U-.- 
y*  to  h... 

M  to  *16  .. 

H  to  H--.- 

H  to  f 

^16  to  ’  *'16 
to  5  i  . .  _ 
h  to  ?^  ... 
^16  to 

ji6  to  m  . 


Calcium  oxide— zirconium  oxide  *  ^ . i 

Chnjme . . 1 

Chrome-Miijmcsia .  . ! 

Aluminous  (appro*iniately  60  percent  I 

AbOsI.  j 


tie  to  M. 
4i6  to 
t*  to 
to  . 


Forsterite . j  t»tol.. 

Mapiesite . . . ■  Cutofl. 


Sides  smooth,  absorbed  slac. 

Sides  smooth,  attacked  at  flux  line  only, 
absorbed  sl^. 

hides  smooth,  attacked  at  flux  line  only,  no 
slag  absorbed. 

Sides  smooth,  no  slag  absorbed,  some  pipes 
in  the  test  bricks  were  exposetl  by  the 
attack  of  the  slag. 

$tides  smooth. 

Sides  smooth,  some  pipes  in  test  bricks 
were  exposed  by  the  attack  of  the  slag. 

Sides  rough. 

Sides  very  rough. 

Sides  smooth,  few  coarse  grains  protruding. 

Sides  .smooth,  bottom  end  rough. 

Sides  smooth. 

.Sides  smooth,  bone>coinbiHl,ah.«5orhed  slag. 

Sides  rough,  badly  honeycombed,  absorbed 
slag. 

Sides  smooth,  all  specimens  honeycnmhetl 
on  bottom. 

Sides  rough,  absorbed  slag. 

Sides  rough,  slight  bloating,  checked. 

Sides  rough,  boneycombtHi.  absorbeti  sing. 

Sides  smooth,  one  specimen  absorbed  slug 
excessively,  the  otW  shrank  slightly  and 
both  had  a  few  rough  s|>ots. 

Sides  sRKMdh,  honeycombed,  absorbed  slag 
excessively. 

Sides  .smooth,  bloated  above  flux  line, 
softened. 


'  Chemical  analysis;  SiOz,  -f9.5  percent;  CaO,  4ft.2  percent;  PjOi,  0.9  percent:  AI3O3, 10  percent;  F'ejOj,  0.3 
rerci'nt;  MgO.0.2 |'ercent;and  F,2.6|  ercent. 

*  Furnace  with  some  .slag  heated  in  750"  to  900^  F,  in  9  hours.  «uid  the  temperature  was  raised  to  2,000®  to 
2.200°  F.  in  S  hours.  Remainder  of  slag  was  charged  and  the  furnace  he  tied  to  2.650°  F.  in  2  hours.  Furnace 
hold  at  this  temperature  for  2  hours. 

5  The  hrlck  are  arranged  in  the  onler  of  depth  of  penetmtion  except  when  the  lost  bricks  ahsorbefl  slag, 
expanded,  or  cracked  to  such  an  extent  that  they  would  be  un-satislactory  for  use  in  refractory  structures. 

*  U.  S.  Patent  2,2:11,944,  Feb.  18, 1941. 

’  Test  bricks  w’cre  fabricateil  in  the  laboratory  by  the  dry  press  process.  They  were  pressed  at  370  to  470 
pfiunds  per  square  inch  and  fired  to  1.500°  C. 

«  U.  S.  Patent  2,231,024.  Feb.  11,  1941. 

^  C.  S.  Patent  2,231,945,  Feb.  l.M,  1941. 
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Table  XVIII. — Heaulta  of  testa  in  motten  calcium  metaphosphate  ‘ 
[Nfaximum  tempernture.  2,S7S®  F.J  * 


I 


Material  tested— brick 

Maximum  pene¬ 
tration  (inches)  * 

n .  1 

ised  cast  (approximately  9U  percent 

H  to  ^ _ _ 

.\ljO3). 

I>t)w  dutv  fireclay  .  . 

■Super  duty  fireclay . . 

to  . 

Fus^  ^t  (approximately  70  percent 

to  1.4 . 

H  .  - 

Electrocast  (approximately  75  iwcent 

M  to  *14. . 

AlaOj"). 

Aluminous  (approximately  60  percent 

H  to  *14 . 

Fused  ctkst  (approximately  50  percent 

MgO). 

Kt‘ marks 


Sides  smooth,  medium  to  very  fine  honey¬ 
combing  on  bottom,  expanded  very 
slightly. 

Sides  smooth,  medium  honeycombing  on 
bottom. 

Sides  smooth,  fine  honeycombing  on  bot¬ 
tom,  expanded  slightly. 

Sides  moderately  smooth,  fine  honeycomb¬ 
ing  on  bottom. 

Sides  rough,  ooarse-io-coarsc  interconnect¬ 
ing  honeycombing  on  bottom  with  coarse 
protruding  particles  on  sides  and  bottom. 

Sides  smooth  to  rough,  ftne-to-coarse  inter¬ 
connecting  honeycombing  on  bottom. 

Sides  smooth,  coarse  honeycombing  on 
bottom. 

Sides  smooth,  coarse  honeycombing  on 
bottom. 

Sides  smooth,  coarse  honeycombing  on 
bottom. 

Sides  moderately  smooth  to  rough,  coarse 
honeycombing  on  bottom,  one  specimen 
had  coarse  protruding  panicles  on  sides; 
and  bottom. 

Sides  rough,  fine  honeycombing  on  bottom, 
coarse  i>fotruding  particles  on  sides  and 
bottom. 

End  corroded  off  after  18  hours  of  test. 


>  Chemied  analysis:  SiOj,  3.3  to  4.6  percent;  CaO,  24  to  26.9  perct*nt;  PjO«.  66.2  to  67.5  pcrci>nt;  AljOs,  1.5 
to  2  percent;  FejOa,  1.7  to  1.8  percent:  and  F,  0.3S  to  0.50  percent. 

»  Furnace  with  some  calcium  metaphosphate  heated  to  1,000®  F.  in  4  hours.  Remainder  of  calcium  meta- 
phosphate  was  charged  and  furnace  heated  to  2,375®  F.  in  2  hours.  Furnace  held  at  this  temperature  for 
66  hours. 

*  Brick  are  arranged  in  the  order  of  depth  of  inmetration. 


Tests  of  Refractories  Against  Pellets  of  Phosphates  and  of  Lime 

Equipment  and  procedure. — -Tests  to  determine  the  resistance  of 
various  refractory  materials  to  phosphates  and  lime  at  elevated  tem¬ 
peratures  were  made  by  the  procedure  of  Hugill,  Ainsworth,  and  Green 
(3)  for  determination  of  the  corrosive  action  of  lime  on  aluminous 
fireclay  and  silica  brick.  The  corrosives  were  prepared  by  fine 
gi’inding  and  then  forming  into  cylindrical  pellets,  approximately 
inches  in  diameter,  at  3,000  pounds  per  square  inch  pressure. 
A  pellet  was  placed  on  the  surface  of  the  brick  being  tested,  and  the 
brick  and  pellet  were  heated  to  test  temperature  (2,650°  or  2,825° 
F.)  in  an  electric  furnace  in  21  to  22  hours,  held  at  this  temperature 
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Table  XIX. — Re^ulH  of  te»ii  in  molten  rock  phosphate 
[Maximum  temperature  F.]  * 


Mwerialtested-brick 

Calcium  oxide— chromium  oxide— tir- 
oonium  oxide.*  * 

Faced  cast  (approximately  70  pa’oeot 
AhCx). 

HtoH . . 

Electrocast  (approximately  7S  percent 
AljOi). 

Fused  cast  (approximately  00  percent 
AIiOi). 

Silica .  . 

. 

>4  to  . 

H . 

44  to  54  . 

K.  to  W  . 

54  to  H  .  . 

54  to  1 . 

Aluminous  (approximately  50  percent 
AliOi). 

Aluminous  (approximately  60  percent 
AhOi). 

Aluminous  (approximately  00  percent 
AhOs). 

154 . 

H  to  m . 

54  to  154 . 

Fused  cast  (approximately  50  percent 
MgO). 

154 . . . 

1  tol54 . 

1 54 . 

Remarks 


Sides  smooth,  absorbed  melt,  slight  ex- 
pansioQ. 

Sides  smooth,  some  pipes  in  the  test  ix'icks 
were  expos^  by  the  attack  of  the  pbos* 
phate. 
no. 

Do. 


Sides  smooth,  absorbed  melt. 

Sides  smooth,  absorbed  melt,  slight  ex> 
pansion. 

Sides  smooth,  cracked  on  oooling,  absorbed 
melt  and  expanded. 

Sides  smooth,  absorbed  melt,  cracked  on 
cooling  and  expanded. 

Sides  smooth,  both  specimens  deformed, 
aborted  melt,  cracked,  end  dropped  off 
of  !  after  4  hours  at  maximum  tempera* 
ture. 

Sides  smooth,  1  specimen  expanded  and 
absorbed  melt,  the  otber  expanded 
slightly  and  the  end  was  corroded  off. 

Sides  rough,  test  ends  corroded  off.  ab¬ 
sorbed  melt. 

Do. 

Pulled  apart  above  flux  line  after  4  hours. 

Sides  rough,  all  specimens  expanded,  test 
ends  corroded  off  of  2,  the  others  ab¬ 
sorbed  some  slag. 

Sides  smooth,  test  end  corroded  off. 

Sides  smooth,  all  specimens  were  bloated 
and  test  ends  were  corroded  off. 

Sides  rough,  test  ends  corroded  off. 

All  specimens  deformed,  cracked,  absorbed 
melt,  and  ends  dropped  off,  1  after  3H 
hours  and  the  other  after  hours  of 
test. 


1  Chemical  analysis:  SiOr,  19.1  percent:  CaO,  42.5  percent;  PsOg,  30.3  percent;  AI3O9,  4.1  percent;  Fe;09, 
3.8  percent;  F,  0.66  percent;  and  MgO.  trace. 

f  Fomace  with  some  rock  phosphate  heated  to  575*’  to  750*’  F.  in  8  hours,  and  the  temperature  was  raised 
to  2.000*’  to  2,^^  F.  in  the  next  8  hours.  Remainder  of  phosphate  was  charged  and  furnace  heated  to 
2,825*’  F.  in  2  hours.  Furnace  held  at  this  temperature  for  8  hours. 

*  The  brick  are  arranged  in  the  order  of  depth  of  penetration  except  when  the  test  bricks  absorbed  slag, 
expanded,  or  cracked  to  such  an  extent  that  they  would  be  unsatisfactory  for  use  in  refractory  structures. 

«  U.  S.  Patent  2,231.944.  Feb.  18,  1941. 

s  Test  bricks  were  fabricated  in  the  laboratory  by  the  dry  piess  process.  They  were  pressed  at  370  to  470 
pounds  per  square  inch  and  fir^  to  1,500^  C. 

•  U.  S.  Patent  2,231.024.  Feb.  11, 1941. 

»  U.  S.  Patent  2,231,945,  Feb.  18, 1941, 


for  2  hours,  and  then  allowed  to  cool  in  the  furnace  for  18  hours 
before  being  removed  for  examination.  To  facilitate  examination, 
the  specimens  were  cut  vertically  through  the  center  of  the  reacted 
zone  with  a  silicon  carbide  saw.  The  depths  of  corrosion  and  of  pene¬ 
tration  were  measured  on  the  cut  specimens.  Depth  of  corrosion 
was  taken  as  the  distance  from  the  original  top  surface  to  the  bottom 
of  the  cavity  caused  by  corrosion  (C  in  fig.  12);  depth  of  penetration 
was  taken  as  the  distance  from  the  original  top  surface  to  the  dis¬ 
cernible  limit  of  penetration  of  the  fluid  materials  into  the  test  brick 
(P  in  fig.  12).  The  electric  furnace  used  in  these  tests  had  a  firing 
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Table  XX. — ResulU  of  tetti  in  basic  open-hearth  molten  slag 
(Maximum  temperature,  2,h26‘’  F.]  > 


Material  tested— brick 


Maximum  peoe- 
tratlou  (iiumes)  * 


Remarks 


Fused  cast  (approximately  70  peromt 
AiiOs). 

Magnesia-Chrome . 

Fused  cost  (approximately  90  percent 
AltOs). 

Calcium  oxide— chromium  oxide  . 


lit  to  . 

M  to  1 . 

li  to  y% . 

Not  measurable. .. 


Calcium  oxide— chromium  oxide— zir-  M«to9i«.. 

conium  oxide.*  *  I 

Chrome .  ?i«to^i«. 


Super  du^  fireclay 
Chro  me- Magnesia . . 

Forsterite-Cbrome. . 


Aluminous  (approximately  60  pecrceni 
AliO,). 

Aluminous  (approximately  90  ptfcent 
AhOjL 

Forsterite . . 


Magnesite . . 

Calduin  oxide— tb-conium  oxide* 


Sides  smooth,  absorbed  small  amount  of 
slag. 

Sides  rough,  absorbed  slag,  expanded  above 
flux  line,  tended  to  puU. 

Sides  somotb,  no  slag  absorbed. 

Sides  smooth,  absorbed  slag,  1  brick  cracked 
on  cooling  30  days  after  testing,  the  other 
had  swelled  and  cracked. 

Sides  rough,  absorbed  slag,  bloated  slightly 
above  flux  line. 

Sides  rough,  1  sf)ecimen  absorbed  slag,  ex- 

Cded,  cracked,  and  elongated  above 
line  and  broke  off  during  cooling,  2 
other  specimens  cut  off  at  the  flux  ime 
30  minutes  after  start  of  test  and  sidled, 
cracked,  and  ekmgated  above  flux  line. 
Faces  rough,  corroded  off  at  flux  line. 

Facn  rough,  corroded  off  at  flux  line, 
pulled  off  abiove  flux  line  during  tap, 
softened. 

Faces  rough,  corroded  off  at  flux  line  30 
minutes  after  test  starts,  softened, 
cracked,  and  elongated. 

Faces  rough,  corroded  off  at  flux  line,  1 
brick  cracked  off  above  flux  line  after  90 
minutes  of  test. 

Faces  rough,  corroded  off  at  flux  line. 

Paces  rough,  corroded  off  at  flux  line  30 
minutes  after  test  started,  softened, 
cracked,  and  elongated  above  flux  Itoe. 
All  specimens  spallM,  1  before  test  started. 
Test  end  of  brick  cracked  off  and  du^solved 
in  slag. 


>  Chemical  analysis:  PrOi.  11.6  percent;  CaO,  39.3  percent:  ^lOn  19.1  percent;  FerOs,  18.1  percent;  AhOr, 
2.4  percent:  OtOi,  1.4  percent;  MnO,  2A  percent;  MjO,  5.2  percent;  and  P.  O.l  percent. 

*  Furnace  with  some  slag  heated  to  2,000”  to  2.300*’  r.in  i6ho«o^.  Remainder  of  slag  chargcil  and  furnace 
heated  to  2,825”  F.  in  3  hours.  Furnace  held  at  this  temperature  for  2  hours. 

*  The  brick  are  arranged  in  the  order  of  depth  cf  penetration  except  when  the  test  bricks  absorbed  slag, 
expanded,  or  cracked  to  such  an  extoit  that  they  would  be  unxatisfoctory  tor  use  in  refractory  structures. 

*  Test  bricks  w^  fabricated  In  the  laboratory  by  the  dry -press  process.  They  were  pressed  at  370  to 
470  pounds  per  square  inch  and  fired  to  1,500*  C. 

*  S.  Patent  2,231.024,  Feb.  II,  1941. 

«  V.  8.  Patent  2.231,944.  Feb.  18, 1941. 

'  U.  8.  Patent  2.231.945.  Feb.  18. 1941. 


chamber  approximately  12  inches  wide  by  20  inches  deep  by  16  inches 
high  and  was  heated  by  means  of  six  water-cooled  Globar  elements, 
each  rated  at  90  volts  and  78.5  amperes,  which  were  24  inches  long 
by  1  inch  in  diameter,  A  platinum — platinum-10  percent  rhodium 
thermocouple  in  a  porcelain  protection  tube  was  located  centrally 
in  the  back  of  the  firing  chamber. 

Remits. — Results  of  tests  of  the  resistance  of  refractory  materials 
to  lime  are  shown  in  table  XXI  and  figure  13.  Figure  13  shows  the 
test  bricks  cut  vertically  through  the  centers  of  the  areas  attacked. 
The  aluminous  brick  (60  and  70  percent  AljOj)  were  not  damaged  by 
the  phosphate  pellets,  and  the  photograph  shows  these  pellets  moved 
back  from  their  original  position.  With  the  other  brick,  the  lime 
pellets  were  fluxed. 
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Table  XXI. — Renults  of  tfsts  of  refractories  against  pelltts  of  lime  ‘ 
(Maximum  ttMuper:kture,  K.]’ 

^  Arhiirary  index 

Maleml  tested  brick  I  I'  Uepth  of  fien.  tfau..n.  ^  of  merit 

j  (uiche5>  I  P  {inches-  f  * 


Aluminous  (approximately  7U  pm'ent  10  ’  0  ...  * 

AliOs)  ! 

Aluminous  (approximately  W  percent  i  0 . . ’  0 _  _ _  « 

.\ljO3)  I  j 

Super  duty  fireclay .  0 . .  >  . !  * 

High  duty  fireclay. . [o  .  _ |  . - .  ® 

I4OW  duty  fireclay . >  iii«  j  0  5 


«  Chemical  tuialysLs  ('uO,  Wi.tS  pcr«*nt:  M|f*>,  1.7  percent;  SiOj,  1.5  percent;  Fe?Hj,  0.2  perwnt;  S,  o.05 
percent;  P2O,',.  0.02  percent;  F.  0.0s  porceiu. 

2  Furnace  and  specimens  heated  P)  F.  in  21  to  22  hours  and  bold  at  that  temperature  fur  2  hours. 

Table  XXII  shows  the  results  of  tests  with  Florida  pebble  phos¬ 
phate  ami  Tennessee  brown  rock  phosphate  as  corrosives.  Some  of 
the  exposed  test  specimens  are  shown  in  figures  14,  15,  and  16. 
Before  taking  the  photographs,  the  glassy  products  of  reaction  were 
removed  from  the  top  of  the  brick.  No  pellets  are  shown;  where 
the  depth  of  corrosion  was  great,  the  pellets  were  fused  partially  or 
completely. 

In  evaluating  the  test  brick,  an  arbitrary  index  of  merit  was  used. 
This  inde.x  was  taken  as  th«>  reciprocal  of  the  product  of  the  depth 
of  corrosion  and  the  depth  of  penetration.  It  was  devised  as  a  single 
standard  by  which  the  refractories  could  be  compared,  though  its 
applicability  has  not  been  established  by  service  tests.  Again,  this 
method  of  evaluation  is  somewhat  different  from  that  used  in  another 
article  (7)  describing  some  of  this  work.  The  change  in  evaluation 
procedure  was  made  to  provide  a  single  standard  for  comparison. 
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ALUMINOUS 
(APPI^OX.  70  Vo  AI2O3) 


ALUMINOUS 
(APPROX.  60 Vo  AI2O3) 


SUPER  DUTY  FIRECLAY  HIGH  DUTY  FIRECLAY 


LOW  DUTY  FIRECLAY 


Figure  13.’~Sectional  view  of  bricks  after  exposure  to  pellets  of  lime. 
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SILICA  SUPER  DUTY  FIRECLAY. 

COATED  WITH  MIOH- 
TEMPERATURE  CHROME 
MORTAR 


CHROME- MAGNESIA  ALUMINOUS 

(APPROX.  50%  AlaOs) 


MI6H  DUTY  FIRECLAY 

Figure  14. — Sectional  view  of  bricks  after  exposure  to  pellets  of  Florida 
phosphate  at  1,450°  C.  (2,642°  F.). 

Products  ot  reaction  were  remoTcd  fi^m  the  aone  of  eorrooion. 
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SfUCA 


fireclay. 
COATED  WITH  HIGH- 

temperature  chrome 

MORTAR 


ALUMINOUS 
(APPROX.  60%  AlsOa) 

Figure  lS.-Sectional  view  of  brick*  ,f,er  e,p„*ure  lo  pellet*  of  Florida 
plio*phate  at  1,5S0°  C.  (2,822°  F.). 

Product,  of  reaction  were  Removed  from  the  »>ne  ofeorroeion. 


SILICA 


CHROME 


CHROME-  MAGNESIA 


ALUMINOUS 
(APPROX.  70%  AlaOa) 


SUPER  DUTY  FIRECLAY. 

COATED  WITH  HIGH-TEMPER^URE 
AIR-SETTING  MORTAR 

Figure  16. — Sectional  view  of  bricka  after  exposure  to  pellets  of  Tennessee 
phosphate  at  1,450''  C.  (2,642°  F.). 

Products  of  reaction  were  removed  from  the  sone  of  corrosion. 
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Tests  of  Ceramic  Materials  in  Strong  Phosphoric  Acid 

hguipment  aiul  procedure . — 'I'est^  of  tlu*  ivsistuiui'  of  brick  aiul 
ceramic  tower  packing  materials  to  strong  phosphoric  aeiil  (117 
percent  H3PO4)  were  carried  out  in  the  ceramic-lined  tank  (fig.  :>) 
describe<l  under  “Tests  of  Metals.’’  Before  e.vposing  the  speciiu.  as 
to  the  corrosive,  they  were  dried  aiul  coated  with  a  tliin,  iinperviou^ 
coating  of  paraffin,  after  which  theii-  volunu's  were  determined  by 
water  displacement  through  use  of  an  overflow  volumeter.  \''olum(' 
determinations  also  were  made  after  completion  of  the  tests.  'I'he 
strong  acid  used  in  the  tests  was  made  hy  concentrating  plant  phos¬ 
phoric  acid  anti  then  fortifying  it  with  pliosphorus  pento.\iiic  The 
acid  temperature  was  maintaiiu'ti  in  the  rangt'  480°  to  400°  F  Speci¬ 
men  brick  were  held  by  stainless  steel  ilamps  on  the  rotating  shafts 
so  that  half  of  their  length  was  immers<‘d  in  the  acid.  Packing  rings 
were  suspendetl  from  the  shafts  so  that  they  were  eoinpletely  imincrseil 
in  the  acid. 

The  tests  were  of  21  days’  duration.  F'or  the  first  Iti  nays  tlu' 
specimens  were  rotated  in  the  a<-id  continuously.  During  each  of  the 
last  o  days  the  specimt'iis  were  raisetl  out  of  the  acid  for  1  hotir,  im¬ 
mersed  and  allowed  to  rotate  for  2 '3  hours,  raised  out  of  the  acid  for 
1  hour,  immersed  and  allowed  to  rotate  for  21;  houi-s,  raised  a  third  time 
for  1  hour,  and  immersed  ami  rotated  for  16  hotirs.  .\.t  the  end  of  the 
21  days  the  specimens  were  allowed  to  drain  and  cool  over  the  bath, 
after  which  they  were  immersed  in  water  for  96  hours  to  remove  some 
of  the  acid  that  had  been  absorbed,  drained  again,  dried,  and  coated 
with  paraffin  for  volume  determination.  The  purpose  of  raising  and 
lowering  the  specimens  was  to  determine  whether  they  woiihl  be 
affected  by  tbe  thermal  sliock  incurred  by  this  treatment. 

Most  of  the  specimens  were  rotated  at  14  revolutions  pin-  minute, 
but  some  wetc  turned  at  80  revolutions  per  minute  to  determine  whetli- 
er  tile  increased  rate  of  rotation  would  have  a  marked  effect  on  the 
rate  of  corrosion.  In  some  of  the  tests  movement  of  the  specimens 
was  the  only  means  of  agitation,  but  in  otliers  a  Lightnin  mi.xer  was 
used  to  provide  additional  agitation.  In  neither  case  was  the  velocity 
of  the  acid  at  the  surface  of  the  ceramic  specimens  determined. 

Results. — The  results  of  the  tests  are  given  in  table  XXIII.  .Speci¬ 
mens  were  evaluated  on  the  basis  of  volume  loss  e.xcejit  when  they 
spalled  or  cracked.  The  materials  that  faileil  in  these  ways  were 
considered  unsuitable  for  service  under  the  conditions  of  the  test. 
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Table  XXIII. — RestUU  of  tests  in  strong  phosphoric  acid^ 


VoiuiiH‘  loss.-  (|H>rt‘oiu) 


Material  tested— brick 


I  Spe<*i- 

I  mens  j  mens  (  mens 

rotated  at  rotated  at  rotated  at 
14  r.  p.  m.,  :ktr.  p.m.,;Ur.  p.  m.. 

!  low-bath  i  low-Wth  :high-bath 
j  aititatiou  |  agitation  [  agitation  i 
rate  ■  rate  I  rate  j 


Remarks 


tiraphite. . . 

Carbon . 

Red  shale,  Raglaml.  Ala. . . 
Red  shale,  Ragland,  Ala _ 

Red  shale,  Daisy,  Tenn . 

Zircon  .  . . . 

High  duly  fireclay.  .  .... 

i»uper  duly  flre<.*lay . 

Acid-resistant  fireclay.  Res- 
seiner.  .\la. 

Aluminous  (approximately 
M  jK‘r«*nt  AbOd. 

s^ilica.. . . 

Aluminous  (ap]»roxiinatel' 
tW  thereout  AljOj). 

Soapstone . 

Pnckiiiy  material 


-f-l.O  ;  .  +1.0  !  No  visible  attack,  increased  in  sire  during 

I  i 

. ; .  .3  ;  No  visible  attack. 

1.3  '  0  I . '  Do. 

. !  l.S  1  Surface  rough  and  pilled,  original  skin 

i  '  rentoved  by  aci<l. 

. i .  1.8  j  Rrick  (  fiicktHi,  surface  rough  and  pitted, 

'  ,  !  acid  removed  original  skin. 

1.3  .  1 . 1  \o  visible  attack. 

1-4  .  . .  ;  Slight  attjick. 

.2;  . .  j  Slight  attack,  sxvclled  slightly,  started 

1  I  to  crjtck. 

2. 3  ,  4. 2  ; . j  Surfiu.'c  rough,  acid  removed  original  skin. 

1.4  . j . j  Slight  attack,  but  a  thin  layer  wa.s  starting 

I  j  to  come  off.  craektHl  after  exj)Osure  on 

1  !  i  being  leache<i  to  remove  acid. 

. . .  Shattere<l  on  being  raised  out  of  bath,  final 

I  I  I  volume  could  not  tw  determimHl. 

. .  .  Shatteretl  on  b<‘ing  raised  and  lowerp«i  into 

!  i  the  hot  acid,  fitial  volume  could  not 

iH'  determined. 

.  2  ' . . 1  Ba<lly  attacked,  acid  leached  out  iron  oxi<ie 

I  j  forming  fissures. 

1  :  1 


Carbon  . . 

Red  shale.  Ragland.  ,\la. . . 
Red  shale,  Daisy,  'I'enn  . . . 


Zircon  poicelain . i  -VO 

Do .  .  . 

Chemical  |K>rcelain .  .V.^ . 

Chemical  stoneware  .  ll.o  . 

Pyre.x  glass . . .  49.2  . 


0  :  N'o  visible  attack. 

2. 8  :  Rough  surfact*  after  test. 

8. 0  Volume  Ioss<*s  high  as  ring  spalle«l  .som«'- 
time  during  te.siing  iK^rUxl,  rough  surface 
after  lest. 

. ^  .'Surface  sm<M»rh. 

2.2  Ring  crackeil  ami  spalled  very  slightly 
:  sometime  during  testing  periotl,  surfaw 
smooth. 

l.T  .  .Surface  rough. 

4  1  Do. 

.  Surface  sinooili. 


1  .\(i(i  concentration,  approximately  IIT  |»crcent  llirO«:  ucUl  tcmiHTalure.  48t»''  to  490°  F. 
•  A  •'+■■  means  an  incre;ise  in  volume. 


Tests  of  Acid-Resistant  Ceramic  Materials  in  Boiling 
Phosphoric  and  Nitric  Acids 

Equipment  and-  procedure. — Pieces  of  brick  were  tested  for  resistnuee 
to  boiling  phosphoric  and  nitric  aei<ls  by  a  modification  of  a  proc'diire 
outlined  by  J'airlic  (/).  The  test  materials  were  ecpiia.xial  pieces, 
i.iinus  2  plus  3  mesh  (Tyler  sieve  numbers,  0.4.37-  and  0.2().3-ineh 
openings),  that  were  obtained  by  eru.shing  and  sc-reening  the  brick  to 
be  tested. 

After  being  washed  and  then  dried  at  212°  F.,  .W-gram  samples  of 
the  sized  materials  were  placed  in  1,000-milliliter  flasks  with  260 
milliliters  of  58°  B.  C.  P.  phosphoric  aei<l  (80  percent  HaPO,)  ov  '.i'P 
B.  C.  P.  nitric  acid  (50  percent  HNOa).  The  flasks  were  provided 
with  water-cooled  reflux  condensers  fitted  with  ground-glass  joints. 
The  acids  in  the  flasks  were  boiled  continuously  for  48  houi-s,  and  at 
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the  erut  of  this  time  the  solids  were  allowed  to  settle.  The  clear  aeid 
was  removed  by  decantation  and  that  remaining  with  the  solids  was 
lemoved  bj’'  washing  in  boiling  water  and  removing  the  clear  water 
extract  by  decantation.  The  water  extraction  was  repeated  until  the 
pH  of  the  decanted  washings  was  approximately  7.  The  solids  were 
predried  at  212°  F.  and  then  dried  to  eonstajit  weight  at  480°  F.  The 
loss  in  weight  of  the  solids  was  determined.  Ab.sorption  was  deter¬ 
mined  on  specimens  according  to  the  test  procedure  outlined  by 
A.  S.  T.  \f.  Designation  Cti". 

ffesultn. — In  the  selection  of  brick  for  general  use  in  the  TV’^A  plant, 
the  brick  tested  were  evaluated  on  the  basis  of  weight  loss  in  boiling 
phosphoric  acid,  which  was  considerably  greater  than  the  weight  loss 
of  the  same  materials  in  boiling  nitric  acid.  The  results  of  tests  in 
both  acids  are  shown  in  table  XXIV,  together  with  absorption  test 
data.  Brick  shoa'ing  less  than  4  percent  weight  loss  in  phosphoric 
acid  were  considered  acceptable  for  use  in  the  TVA  plant.  This 
criterion  has  proved  to  be  satisfactory.  W<“ight  losses  of  red  sliale 
brick  in  both  acids  are  roughly  <. irrelative  with  absorption;  the  lo.sses 
increase  as  al)sorption  increases.  Therefore,  absorption  is  a  reason¬ 
ably  good  measure  of  the  quality  of  these  brick  for  use  in  contact  with 
acids.  The  data  on  the  fireclay  aci<l-resistant  brick  are  not  sufficient 
to  permit  correlation. 

Tahi.k  .\.\IV. — HrsuHs  «//«/.«  of  rinimie  »mt(ri<i/.t  in  boiling  phox/ihoric  uciil  (ind 

in  boiling  nilrio  arid 


.NfaftTial  if.-itc'l  -lirk  k 


Kc'l  shiilo,  Kaplatbl,  Ala 


shalt*,  f'ariDtn.  Ohio 


Kt'tl  shalo,  Knsloy,  Ala. 


Hftl  shale,  Plahivillt'.  .  .  . 

K»'d  shale,  Chattantmpa,  'fenn . 

Ackl-resistant  firecla)-,  Ueech  (’rt'fk.  I’a 

Acitl-resisiant  fireclay,  Uesserner.  AJa  .. 


Weiphl  Ittss 
in  » 

(l>erccm)  ; 

Wt'iphl  lo.ss 
in  llNOi* 
(jvrconi) 

.\hsorpt  ion 
(perci'nt) 

2.4 

1..1 

2.11 

o.in 

.  .•) 

i>.*l 

.1.  .3 

2.7 

i.2 

.'i,  3 

:t.o 

1 . 02 

3,0 

1) 

2.1 

r>.  1 

2.0 

.34 

2. 3 

.1.6 

.81 

4.0 

0.2 

0.8 

7  7 

1.8 

7.8 

4.S 

s.  .1 

8. 0 

2.9 

.3:1 

4.7 

:i.7 

_ ^ 

'  t.y 

.03 

4.8 

1  C.  W)  juTCeJit  phosphoric  achl  (b.  p.,  21»:r  F.). 

2  (\  1’.,  N)  jjertt-nt  nitric  acitl  (b,  p„  2U®  Kj. 
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Index  B — Metals 

Index  of  materials,  compositions,  and  tables 


Material  tester! 


Approximate  (‘heiiiieal  comiKisitioji  of  'raiili's  iti  whicti  results  <>f 
iiialeriul  (}HTvuiit)  tests  of  material  apiH'ur 


Admiralty . . . 

AdvaiUi' . . . 

A-  I.  S.  I.  Tyia*  :U)2  siainU‘Ss 
sttH*l.  I 

A.  1.  S.  I.  Ty|a‘:i02+Mo  weld¬ 
ing  rod. 

A,  I.  S.  I.  'l'y|)e  .'itKl  staink‘S8  ’ 

st»n‘l.  ] 

i 

A.  I.  S.  I.  Ty|K*  :Wt4  stainless  ' 

Sttvl.  I 

A.  f.  .S.  I.  Ty|M’  stainless 
steel. 

I.  S.  I.  ’I'yiH'  .'K>9  stainless  ^ 
slwl  wekliriK  rod. 

.\.  I.  S.  1.  TyjH*  310  .stainless  • 

stwd. 

I.  S.  I.  TyjH'  31»i  stainless  . 

steel.  J 

A.  r.  S.  r.  TyjK*  310+Cb  stain¬ 
less  steel. 

A.  I.  S.  I.  Typo  310  stainless 
stwl  welding  nul. 

.\.  I.  S.  I.  Ty|)e3l0-f-Cbsfain- 
less  steel  welding  rod. 

A.  I.  S.  I.  TyjH‘  317  stainless  - 
strvl. 

A.  I.  S.  I.  Tyjto  320  stainless  > 

SttH'l. 

A.  I.  S.  f.  TyiK*  321  stainless  ' 
steel. 

A.  I.  S.  I.  Ty|K‘  320  staitdess  ; 

St«Hd. 

A.  I.  S,  I.  347  stalnl(>ss 
steel. 

\.  I.  S.  r.  1’yi>e  347-f-rb  w<‘ld-  ' 
ing  rod. 

A.  I.  S.  I.  'PyjK*  405  stainless  ; 
.‘•leel.  i 

I.  S.  I.  Ty|X‘  410  stainless 
sttHd. 

I.  S.  I.  Tyf>e  4lfi  .stainless  ! 
steel.  ; 

A  r.  S.  I.  Tyjje  430  stainless  i 

Sl»*«‘l. 

A.  I.  S.  I.  Ty;)e  430  .stainless 
steel  welding  rotl. 

A.  I.  S.  I,  Ty|X‘  440  stainles.s  '' 

SliM’l. 

I 

I.  S.  I.  Tyiie  .501  stainless  i 
steel.  i 

A.  I.  r.  Ty|»*  .502  stainless  [ 
stwi. 

.\llegheny  .5.5  (cast ). . . 


0.00  ma.ximum  Fe,  o.07  maximum  l’h.0.9 
minimum  Sn.  70  minimum  Cu.  halunc«> 
Zn. 

.54-.5.5  Cu.  44-40  N1 

0.0&-0.20  C.  2.00  maximum  Mn,  1.00  maxi-  ' 
mum  Si,  0.04  maximum  P,  0.03  maxi¬ 
mum  S,  17-19  Cr,  ^10  Ni. 


0.15  maximum  C.  2.00  maximum  Mn.  1.00 
maximum  SI,  0.07  minimum  P,  S,  or  So, 
17-19  Cr,  8-10  NI,  0.06  maximum  Mo  or 
Zr.  I 

0.08  maximum  C.  2.00  maximum  Mn,  l.iN)  ' 
maximum  Si.  0.04  maximum  P.  0.03 
muximum  S,  IH-20  Cr,  K-ll  N'L 
0.20  nia.ximiim  C.  2.00  ina.xiinum  Mn,  l.tN) 
maximum  Si.  o.tM  maximum  P.  o.o^i 
maximum  S,  22-24  Cr,  12-15  N'i.  ' 


0.25  maximum  C.  2.00  maximum  Mn.  1..50 
maximum  Si,  0.04  maximum  S,  24-26  Cr. 
19-22  .\'i.  j 

0.10  maxhniim  C.  2.00  maximum  Mn.  1.00 
maximum  Si.  0.t)4  maximum  P,  0.03 
maximum  S.  lt‘>-lHCr.  10-14  N'i,  2.00-3.00 
Mo. 

0.10  maximum  C,  2.00  ma.ximum  Mn.  1.00  i 
nia.ximum  Si.  0.04  muximum  P,  0.03  ; 
ma.\imiim  S,  16-18  Cr.  10-14  maximum  ‘ 
NI,  2.00-3.00  Mo  (10  x  O  Cb.  j 


0.10  maximum  C,  2.00  maximum  Mn,  l.oo 
ma.ximum  Si,  0.04  maximum  P,  0.03 
maximum  S.  18-20  Cr.  11-14  Ni,3-4  Mo.  ; 

0.12  maximum  C,  0.7  Mn,  0.75  Si,  17  mini¬ 
mum  Cr.  7  minimum  Ni  (5.5  x  C)  I 
minimum  Ti.  balance  Fe. 

0.08  maximum  C,  2.00  maximum  Mn,  1.00  : 
mu.ximum  Si.  <i.(M  maximum  P,  0.03  ' 
maximum  S.  17-19  Cr.  8-ii  Ni  (5  x  C) 
minimum  TI. 

0.10  maximum  C,  25-30  Cr,  3-5  Ni,  1-1.5 
Mo. 

0.08  maximum  C.  2.00  maximum  Mn,  1.00 
niiiximum  Si.  0.04  maximum  P.  0.03 
maximum  S,  17-19  Cr,  9-12  Ni  (10  x  C) 
minimum  Cb. 


0.08  maximum  C,  1.00  maximum  Mn,  1.00  ; 
maximum  Si.  0.04  maximum  P.  O.lXl 
maximum  S.  11..5-13.5  Cr,  0.10-0.30  Al.  ' 
0.15  maximum  C,  l.tN)  maximum  Mn,  1.00  j 
maximum  Si.  o.m  maximum  P.  0.03  ! 
maximum  S.  II. .5-13.5  Cr. 

0.15  maximum  ('.  1.25  maximum  Mn.  1.00  , 
maximum  Si,  0.<17  minimum  P,  S,  or  Se. 
12-14  Cr,  0.60  maximum  Mo  or  Zr. 

0.12  ma.ximum  C,  i.oo iiiaximum  Mn.  l.oo 
maximum  Si.  0.04  maximum  P.  O.tKl 
maximum  S.  14-18  Cr. 


0.35  maximum  C,  l.oo  maximum  Mn.  1.00 
maximum  Si.  0.<h  maximum  P.  0.o:i 
maximum  S.  23-27  Cr.  0.25  maximum  N . 

(over)  0.10  C,  1.00  muximum  Mn,  1.00  i 
maximum  Si.  o.tM  muximum  P.  0.o:i 
maximum  S,  4-6  Cr. 

0.10  maximum  C,  1.00 maximum  Mn,  l.no! 
maximum  Si.  0.04  maximum  P,  0.03 
maximum  S.  4-41  Cr. 

0.35  maximum  C.  1  maximum  Mn,  23-30  ; 
Cr,  0.6  maximum  Ni.  0.6  maximum  Si. 
balance  Fe. 


I.  V,  VI. 

V.  VI.  X. 

V.  VI.  XI,  XV. 

IV,  V,  VI. 

V,  VI.  .\\T. 

I.  V.  VI.  vn.  X.  XI.  XII, 
xm.  XV,  XVI. 

I,  IV.  V.  VI,  XII. 

XII. 

IV. 

I.  II.  HI.  IV.  V.  VI.  VH.  IX. 
X.  XI.  XII.  XIV,  XV. 


I. 

V.  VI.  IX.  XH. 

V,  VI.  XH. 

IV.  VI. 

V.  VI. 

V. 

I.  V,  VI,  VH.  XVI. 

I,  IV.  V.  XH. 

XH. 

XIII. 

I.II.XHI.XV.XVI. 

H.  XIH. 

I.  H,  V.  VI.  VH.  VIII.  X, 
XH.  XIH.  XV.  XVI. 

XH,  xrir. 

I.  IV.  V.  VI,  VH.  XII,  XVI. 
I.  II.  VIII.  XII.  XIH,  XIV. 

I,  X.  xm.  XIV. 

V.  VI. 
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Index  B — Metals — Continued 

fmlix  of  inaterinlUy  compo.'<ition,  and  tabh’H — Continued 


Mati'rirtl  lestod 


Ap!Hl^\i1llatl•  choniinil  i-«)iiiiH>sition  of  in  wliii  li  rt  stilis  of 

iiiaU>ri:il  l4>sts  <•(  inatiTtal  ap|M‘iir 


Ahiniinum . -  .  . 

Aliniiiuuin  wtddinu  nui 

Amtirtf  A  . 

A  M  S('( )  K  -:i  feasts 
Anii-'wid  tiu'tal  (easlV  .  .  . 
A.  S.  T.  M.  I)fs|p7KUion; 
APJs  3'.».  praih'  A  (cast'. 


A.  S.  T.  Af.  Designation: 
.\2Ut'v-4irr,  Rnulc  K. 

Beryllium  copjKT  _  . 

Brass,  Inuli  . 

Brass,  reil .  _ 


Brass,  yellow 

Bronze,  alunumitn . .  .  . 

Bnmze.  cotnmer<‘ial  (ca.st‘ 
Bronze,  le  ide<l. , . . , .  . 

Bronze,  rnanffcinesc  (('.ast »  ,  . 
Bronze,  nickel-alutninum  ' 
((“a.s( ) . 

Bronze,  Phosphor . . 

Bronze.  Phosphor  C . . 

Bronze.  Phosphor  1) . 

Bronze,  silicon  ... 
Bronze.  Surx‘rslronp(h  (oast).. 

Bronze,  'roV'iu . 

Cariumter 'Jh . . 

C;ist  iron,  tfray  (cast) . 


w^Ai  .  ..  .  i.xn.  xm.xv. 

xn.  xiii. 

2»<  Vi.  AZti.  _  Xi. 

('r.  H  Ni.  halancv  Kc .  ;  V.  \’I. 

7.a  ('«.  10  .'^n.  ]r>  I*h. .  i  \1. 

IM>7  m.-ivininm  C.  l.tN)  matimuni  .Mn,  2.t)0  Xlf. 
inaxiniiiin  Si.  n.ivi  inaxiiniim  P,  O.o.s 
inavinniin  Is  iniiiiiimni  ('r,  S  mini-  : 
niuin  Ni. 

0.20  maximum  C.  2.tKl  maximum  Afo.  2.«M)  '  XII. 
maximoni  t^i.  o.o.^  maximum  F.  o.o.'i  > 
ntaxinmm  2^27  Tr.  10-22  Ni. 

2.5-H.O  Be.  halatux'  Cu  .  - . .  VI. 

iW>  Cxi,  :iS  7,u  or  ((VM«  Cu.  2.25  :t.2'»  Ph.  I.  V.  VI. 

0.15  Fe.  Kdanoe  Zo). 

S5{'u.  15  Zn  .  r.  If.  HI.  n  .  \-.  VI.  MI.  iX. 

X.  XI.  X\  .  XVi. 

iMV 70  Cu.  27-40  Zn.  .5.:{  Ph.  0-1  Sji .  '  N'lH.  .X'  .  .X\'I. 

('u.  .5  .Al .  . . .  ,  I\'.  \1. 

oo  Cu.  10  Zn  .  .  V.  VI. 

02  ss  Cu.  l0-;{5  Zo.  1.7 -2.0  Ph .  XV, 

.i9  f'«,  .W  Zjj.  1.2  Fc.  0.7  Sn,  ().i>5  Mo. . .  .  ^  V.  VI. 

02ru.4Al.  4Ni . .  V.  VI. 

04.5  Cu,  5.4  .-^n,  0.01  P .  1  IV. 

02  ('«.  K  So  .  I.  \  .  VI.  X 

H0.5  Cti.  10..5  So . .  i  I.  V.  VI.  .XI,  XV, 

05  t»7  ('ll.  :i-.5  .<1 .  VI. 

fa  Cu.  27  Zn.  0  Al.:l  Fc.  I  Ain. . . . ,  V.  VI. 

lio.l  Cu.  30.1  Zn.  0.7.<n .  V.  VI.  X,  XI. 

20  ('r.  20  Ni.  1.75  Mo.:i.5<'u.  l.O  ;3i,  0.07  ('  V.  VI.  X. 

3.25  C.  0.07  S,  2.0  Afn,  2.2  halaiuv  Fe  .  .  V.  VI.  VI 11.  X HI,  X  J\’,  X\\ 

XVI. 


Ciust  iron  (inalleahlo) .  . .  V. 

Chl'iriinel  2  (c;usD . .  0.10  (*.  iW  .Vi.  1.0  .-^i.  .32  .Mo,  .‘U>  Fc  I.  IV. 

Circle  L -31  (c:isl) _  0.07  C.  tOO.  20  Ni.  2.25  Mo,  l.2Si.  O.iVi  Al.  1,  IV,  V,  VI.  .X,  XI. 

1  0.37  Cu.  ’ 

Coast  rtii'fal  4  (ciLst  > . ■  -l.Ot'.  10  Cr,  0  XI,  4.5  SI . .  IV, 

Coa.sr  metal  10  (c;i.st). .  . '  4.0-4.25  C.  10  Cr.  2  Ni.  H  Mo. . .  IV. 

Co:i.st  nn‘tal  12  (ciust) . . ■  4.25  (\  10  ('r.  0  Ni.  N  Mo.  1  Tl  ...  •  IV. 

('o;ksl  mcIaJ  1»  (ca.st) . I  2.25-2.75  C,  25  ('r,  15  Ni.  H  Mo.  25  (’o,  ;  IV. 

(Niplk'r . '  W.itCii...  .  . •  V.  VI.  X'.'. 

('o(>lH*r,  deoxidizoil .  . \  99.95  C^u.  t).0!-0.05  F .  I  I.  V.  VI,  X.  XI.  XV. 

Crolov  9 . . i  0.15  maximum  C.  0..50  maximum  Mn.  ;  V,  VI. 

I  1.2.V1.75  Mo.  8-10  Cr.  ImIunct'  Fc.  f 

Croloy  2.V20  .  . . .  i  0.15  ('.  1.0  .Mn,  0.75  Si.  25  Cr,  20  Ni,  bal-  |  V.  VI. 

ance  Fe.  | 

Ciipro-Nickcl  20  . '  75  (’u.  2o  .Vi,  5  Zn  . .  V.  VI. 

Diiralov  A .  i  0.25 ('.  ^TStO Cr. 0.00  .Mn.  balance  Fc  . .  .1  V.VI. 

I)urich]<*r  (ca.st) . 1  l4.5Si,3.0  Mo. O.W) C. 0.05  Mn.  balance  Fc  V.  VI,  VII,  X.  XI. 

Durirnef  . ■  O.tW  C.  fN.4«  Cr,  21.7  Ni,  2.3  Mo,  0.88  Si,  j  J,  IV,  VII.  X,  XI.  X\  . 


Duriniet  20  (Ciust>  . 

Durimet  T . . 

Duriron  (csLst) . . 

Esksy-Flo . . . 

Elcomel  K  (ntsD.  . . 

Enduro  NC-3  (c:ist) . 

Everbrite  (cast) . 

Everdur  lOU) . 

Everdur  1010  welding  rod . 

Everdur  101,5 . 

Ferritic  cast  chromium  steel 

(CliSt ) . 

(JoM . . . 

ilastelloy  A  (cast  and  : 

wrought).  ] 

Hastelloy  A  welding  ro<l . 

ilastelloy  B  (east  and  j 

wrought). 

Hastelloy  B  welding  rod _ j 

Ilastelloy  C  (east) . ...' 

Hastelloy  I)  (east)  . 

Illium  (}  (east).-  . . 

lliium  R . . 


20  Ct.  29'Ni.  1.75  Alo.  3.5  Cu.  1.0 .«!.  0.07  C  ! 

19  Cr.  22  Ni.  I  Si.  I  Cu.  3  Mo,  0.07  C . 

0.K5  C,  14..5  Si,  0.0.5  Mn.  bsUanec  Fe  . . ] 

50  Xe,  1.5.5  Cu.  10.5  Zn.  18  Cd  . . . . I 

0.12  C,2ilCr.22  Ni.  1  Si,  3-1  Cu,  2  Mo, 0.3  i 
.Mn,  balance  Fe.  j 

0.25  maximum  C,  2.0  maximum  Si,  1.5  | 
maximum  Mn.  24-20  Cr.  19-21  Ni.  1 

60  Cu.  30  Ni.  3  Fe,  3  Cr,  3  Si . 1 

95.8  Cu,  3  I  Si.  1.1  Mn . 1 


98  Cu.  1.25  Si.  0.25  Mn.  . 

0.08  C,  10.4  Cr,0.76  Ni . - .  j 

99+  All . - . - . . - . ! 

.58  Ni,  20  Mo,  2  Mn.  balance  Fe . | 


maximum  Alo,  7  maximum  Fe.  balance 
Ni. 


20  maximum  Mo.  18  maximum  Cr.  0  maxi¬ 
mum  W.  7  maximum  Fe,  balance  Ni, 

8.5-90  NI. ''u,  10  Si,  balanw  Fe . 

50  Ni.  24  V  ..  8ru.  4  Mo  . .  . . 

01  NI.2I  Cr.O.S  Mo. 0.5  Fe.4  Cu,  0.76  Mn. 
(1.51  IV.  I 


I.  XIII. 

Xlll. 

I.  IV,  V,  VI,  X,  XI. 

XV. 

IV,  X. 

V,  VI. 

V,  VI.  X. 

I.  IV.  V.  VI.  X.  XI,  XV, 
XVI.  . 

VI. 

I.  V.  Vi. 

XII. 

VI. 

I.  IV,  V,  VI,  VII,  XV. 

V. 

1.  IV,  V.  VI,  VII,  X, 

IV,  V. 

IV,  V,  VI. 

IV,  V,  VI,  X. 

I,  V.  VI, 

IV. 


5‘2 


Index  B — Metals — Continued 


Index  of  compo»itionf  and  tables — Continued 

I  ^ 


MiiU'riul  tested 


Approximate  eliemkal  eoiii(M>sitioti  of 
material  (|H>r(viii} 


Tables  in  u  hieb  n-sults  i* 
tests  nl  materia)  apiM-ar 


.f 


Inconel .  .  .  11-15  ('r,  70  minimum  \i.  1.0  niaxiimim 

j  Ain.  10  maximum  Ke.  U.o  maximum  Si. 

I  0.15  maximutu  ('. 

La  Hour  H-afi  (e:ist)  .....  it  Or,  52  Ni,  4  Mo,  4  Si,  8  Fe,  0  ('u,  2  W. 

1  0.2-0.:i  ('. 

Lu  Hour  (i-tWl  {eostt  ...  '  2:1-25  Cr.  ia-05  Ni.  5h;  Cu.  2-4  .Mo,  2-4  W, 

'  0.8  Si.  I  Fe,  0.2  Mn.  0.06  (\ 

Lea<l,  clietnical . j  00.9+ Tb 

la'ail,  tellurium .  ;  0.ti»»  Te.  o.tW  ('u.  balance  I’b  . 

Low-chrome  iron. . '  l-O  C*r,  0.12  ('. . 

Low-chrome  iron+('h  I  5  <'r.  4  .Mo,  0.6  (*b,  U.Wi  C  . . 

Manganese  18-8  stainless  .snel  ,  18.6  ('r,  2.i:i  Ni,  9.13  Mn . 

Mwlium-chromc  inin .  !  0.12  11-15  ('r . . 

Mild  stwl .  j  0.24  C,  0.4  Mn.  0.2  Si.  b;dance  Fc  . 

Mild  steel  welding  rod .  . 

Monel _ _ _ _ ;  68  Ni,  29  Cu,  2  Fe,  1.5  .Mn.  0.  >5  (' . 

Moiu  l  K  . . !  «.■!  Ni,  .K)  Cu.  3.5  Al,  I  .H  K.-,  0.2  C  . 

Monel  S  (east) .  ;  tVt  Ni.  29  Gu.  2.5  Fe,  0.5  O . 

Monel  welding  rod  No.  I.'Hi  X  !  . 

Muntz  meUil  (cjist)  . .i  60Ou.  4oZu  . . 

Nichrome  V . .  . .  '  «0Ni.20Or  .  . 

Nickel  .  ■  99.4  minimum  Ni  . . 

Ni-Rosisl  (cast! .  12-15  Ni.  5-7  Gu.  2.7.5-3.1  (’.  1.5-4  Cr. 

1.25-2. '?i.  1-1.5  Mn. 

Ni-Resist,  copper  free  (cast)....  15-20  .\i,  2.5 nwxinmm  Cr.  l  L5Mit.0.6  2 
.''I.  2.2 

Olympic  . .  9*i  Gu.  3  Si.  1  Zii . . 

Olympic  L) .  '  9.5.5  Cu.  3  SI,  0.5  P,  I  Zn . 

Ph'os-Gopper  welditig  roil  .  .  — . . .  . . 

IMoneer  metal  (cast) . . '  2.5  Cr,  35  Ni,  5  Mo,  bjilaiict*  Fe  . 

Platinum  ..  . .  .  100  Pt .  . . 

Resisiac  (ctist), . . .  .  88  Gu.  10  Al.  2  Fe . 

.<iI<rome  25-20 .  .  24-26  ('r.  19-20  Ni.  0.25  C . 

Sii-fos  wcbliiip  rtxl .  1.5  .\ii,  80  Cu,  5  P . . - 

Silver,  ftuc . .  9ti-9  . . . 

Solder .  tiO  Sn.  4ti  Pb  . . 

.‘Sterling  silver .  92.5  \e,  7.5  Cu . 

Su|8'r  nickel . . 70Gu.30Ni.  . 

Tantalum  .  .  . .  100  Ta . . 

Worthite  ((*Aist)  .  20  Gr.  24  Ni.  3.0  Mo,  0.07  maximum  C 

Zoritc .  15  Gr,  35  Ni,  0.5  maximum  C.  Ixduncc  Fe 


IV.  V.  VI.  XV. 


I,  IV. 

1.  IV. 

1.  V.  \T.  X.  XI,  XIII.  XV. 
I.  V.  Vi.  X.  XL  XHL 
I.  V. 

V. 

L  IV. 

V. 

1.  IV.  V.  VI.  VIIl,  IX.  X, 
xrii,  XIV,  XV,  XVI. 

V.  IX,  Xlll. 

1.  IV.  V.  VL  VU,  X.  XI, 
XV.  XVL 
I.  V.  VL  X.  XI. 

V.  VI.  X. 

VL 

I,  V.  vr. 

IV.  V.  VL 

IV.  V,  VI,  XV. 

V,  VL 


V,  VI. 

V.  VL 
I  V,  VL 
i  V.  VL 

!.  IV,  V,  VI,  X. 

VL 

V,  VL  X,  XL 
V.  VL 

V.  VL 

VI.  XV. 

V.  VL 

IV.  VI.  XV. 

V.  VI,  X.  XL  -XVL 

IV. 

I,  V.  VI,  XIL 

V,  VI,  XL 
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